S. Hra. 112-375

NASA’S HUMAN SPACE EXPLORATION:
DIRECTION, STRATEGY, AND PROGRESS

HEARING

BEFORE THE

SUBCOMMITTEE ON SCIENCE AND SPACE

OF THE

COMMITTEE ON COMMERCE;
SCIENCE, AND TRANSPORTATION
UNITED STATES SENATE

ONE HUNDRED TWELFTH CONGRESS
FIRST SESSION

NOVEMBER 17, 2011

Printed for the use of the Committee on Commerce, Science, and Transportation

&R

U.S. GOVERNMENT PRINTING OFFICE
74-010 PDF WASHINGTON : 2012

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov Phone: toll free (866) 512—-1800; DC area (202) 512—-1800
Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001



SENATE COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION

ONE HUNDRED TWELFTH CONGRESS

FIRST SESSION

JOHN D. ROCKEFELLER 1V, West Virginia, Chairman

DANIEL K. INOUYE, Hawaii
JOHN F. KERRY, Massachusetts
BARBARA BOXER, California
BILL NELSON, Florida

MARIA CANTWELL, Washington
FRANK R. LAUTENBERG, New Jersey
MARK PRYOR, Arkansas
CLAIRE McCASKILL, Missouri
AMY KLOBUCHAR, Minnesota
TOM UDALL, New Mexico
MARK WARNER, Virginia
MARK BEGICH, Alaska

KAY BAILEY HUTCHISON, Texas, Ranking
OLYMPIA J. SNOWE, Maine

JIM DEMINT, South Carolina

JOHN THUNE, South Dakota
ROGER F. WICKER, Mississippi
JOHNNY ISAKSON, Georgia

ROY BLUNT, Missouri

JOHN BOOZMAN, Arkansas
PATRICK J. TOOMEY, Pennsylvania
MARCO RUBIO, Florida

KELLY AYOTTE, New Hampshire
DEAN HELLER, Nevada

ELLEN L. DONESKI, Staff Director
JAMES REID, Deputy Staff Director
BRUCE H. ANDREWS, General Counsel
ToDD BERTOSON, Republican Staff Director
JARROD THOMPSON, Republican Deputy Staff Director
REBECCA SEIDEL, Republican General Counsel and Chief Investigator

SUBCOMMITTEE ON SCIENCE AND SPACE

BILL NELSON, Florida, Chairman
DANIEL K. INOUYE, Hawaii
JOHN F. KERRY, Massachusetts
MARIA CANTWELL, Washington
MARK PRYOR, Arkansas

MARK WARNER, Virginia

JOHN BOOZMAN, Arkansas, Ranking
ROGER F. WICKER, Mississippi
MARCO RUBIO, Florida

KELLY AYOTTE, New Hampshire
DEAN HELLER, Nevada

1)



CONTENTS

Hearing held on November 17, 2011 ......cccoooiiiiiiiiiieiieieeieeee e
Statement of Senator NelSon .......cccccccoviiiiiiiiiiiniieeeeecreceee e
Statement of Senator BoOZman ..........cccccceeeviiiieiiiiecie e
Statement of Senator HutchiSon ..........ccccooeiiiiiiiiiieiieeececeeeeee e

Prepared statement ...........cccooociiiiiiiiiiii e
Statement of Senator RUbIo .......ccccocoiiiiiiiiiciieceeeeeeee e
Statement of Senator Warner ............ccccceeeeiiiieeiieeeiiiececiee e e eeneeeeeveeeenes

WITNESSES

Hon. Charles F. Bolden, Jr., Administrator, National Aeronautics and Space
AdmInIiStration .......oooiiiiii e
Prepared statement ............ccoccciiiiiiiiiiiiceeeeee e
Robert D. Cabana, Director, Kennedy Space Center, National Aeronautics
and Space AdmINIStration ......ccccccceeeciieriiiieeniiieeee e e
Michael L. Coats, Director, Johnson Space Center, National Aeronautics and
Space AAMINISEIATION  ..cc.iieiieiiiiiieeiiieiieeie ettt e e et e e e e e
Robert M. Lightfoot, Director, Marshall Space Flight Center, National Aero-
nautics and Space AdmINiStration ........cccccceeeeviieeiiieesieeecee e

APPENDIX

Additional information submitted by NASA in response to question and an-
swer period with Senator Boozman ...........c.cccocieiiiiniiiniiieniieniiciecceeeee e,
Response to written questions submitted to Hon. Charles F. Bolden, Jr. by:
Hon. Bill NEISON ..ooouiiiiiiiiiiiieie ettt st
Hon. Maria Cantwell .........ccccoooiiiiiiiiiiiiieiectee ettt
Hon. Mark Pryor ...ttt
Hon. Mark Warner ...ttt
Hon. Kay Bailey Hutchison ..........ccocioiiiiiiiiiiiiiieeeeeeeee e
Hon. John Bo0Zman .........ccoceiiiiiiiiiiiiiiiiceecee et
Hon. Marco Rubio .....ccc.ooiiiiiiiiiiiiieieeee et
Response to written questions submitted to Robert D. Cabana by:
Hon. Kay Bailey Hutchison .......ccccceveiiiiiiiiiiiiiieceiec et
Hon. John Boozman
Hon. Marco RUbio .....oocuioiiiiiiiiiicieeteeieeetee ettt
Response to written questions submitted by Hon. Kay Bailey Hutchison to:
Michael L. CoatS ..oouiiiiiiiiiiieiieeteete ettt ettt et
Response to written questions submitted to Robert M. Lightfoot by:
Hon. Kay Bailey HutchiSon .......ccccccceveiiiiiiiiiiiiieeeiec et
Hon. John Bo0Zman .........coccooiiiiiiiiiiiie ettt

(I1D)






NASA’S HUMAN SPACE EXPLORATION:
DIRECTION, STRATEGY, AND PROGRESS

THURSDAY, NOVEMBER 17, 2011

U.S. SENATE,
SUBCOMMITTEE ON SCIENCE AND SPACE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Subcommittee met, pursuant to notice, at 10:07 a.m. in room
SR-253, Russell Senate Office Building, Hon. Bill Nelson, Chair-
man of the Subcommittee, presiding.

OPENING STATEMENT OF HON. BILL NELSON,
U.S. SENATOR FROM FLORIDA

Senator NELSON. Good morning.

Well, NASA is cranking now. Think back a year ago. In the year
since the NASA bill—the NASA bill was about the only thing that
passed, other than appropriations bills, continuing resolutions that
had to be done. Up until the time that we passed the trade bills
and the patent reform bill, major legislation, the NASA bill, was
the only thing. And now, thanks to this lady right over here, and
another lady named Barbara Mikulski, we now have NASA funded,
compared to other agencies, very well, given the financial and fiscal
environment we are in, in which there are cuts across the board
in all agencies.

You compare NASA’s budgetary level with the others, NASA has
come out very well. And so, we now have to pass the appropriations
bill that Senator Mikulski and Senator Hutchison have crafted, as
they have worked it out with Congressman Wolf and Congressman
Fattah in the final conference report on that minibus appropria-
tions bill that includes NASA.

And what it does is, it funds two lines of rockets in parallel. That
is a balanced approach. The one line is developing the commercial
rockets to take crew and cargo to and from the International Space
Station. And lest you question anything that’s going on on the
International Space Station, realize that there is a drug that is in
its final FDA trials that is a vaccine for salmonella, and there is
another drug that is in its, starting FDA trials that is a vaccine
for MGIr%SA. And those were developed utilizing the properties of
Zero-G.

In addition, and in balance is the parallel line of rockets, and
that is the big rocket. And that will have what they now are nam-
ing—it’s my understanding, Mr. Administrator—Orion. It will have
a crew of seven, and it will be the big rocket that will enable us—
and it will evolve over time in its capability—to get the components
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up into earth orbit, and to go further, then, out in the cosmos,
whether that is first the President’s target of 2025 for the asteroid
before we go on to Mars, whether it’s that, and go back to the
moon. Those are things still to be determined.

In the meantime, also in parallel, is this plethora of other un-
manned space missions. And about to be launched is a Volkswagen-
sized Mars rover that has a scooper that can analyze the Martian
soil, that has a red beam that will pulverize rocks, and that has
two eyes that stick up that will beam back real-time images—with
the transmission delay—from Mars back to Earth for earthlings to
see this rover going around the surface.

And of course, we took off several months ago to Venus. In the
meantime we've done, also, a mission to the Moon—to study the
Moon’s gravitational field, as well as an Earth-observing satellite
that’s in polar orbit. So, we've got a lot that’s going on. And as we
get ready for these two new rockets, there’s the modifications to the
ground operations and ground equipment.

So, with that as a background, we have a very robust future.

And our first witness i1s the Administrator of NASA. And then,
on the second panel we have the Center Directors from the three
primary centers charged with executing NASA’s human space ex-
ploration initiatives. Bob Cabana is Kennedy Space Center, and of
course, he oversees the efforts to transform the center into the next
generation launch complex, and where the workforce resides that
will 1 day launch the astronauts to Mars. And Mike Coats, Johnson
Space Center, the home of Mission Control, the center leading the
development of the Orion crew vehicle. And Robert Lightfoot, Mar-
shall Space Flight Center, which has designed every U.S. rocket
that has ever launched humans into space, and it’s currently de-
signing the Space Launch System.

So, we look forward to this.

I would turn to my colleague, Senator Boozman.

STATEMENT OF HON. JOHN BOOZMAN,
U.S. SENATOR FROM ARKANSAS

Senator BoozZMAN. Thank you very much, Mr. Chairman. I'm cer-
tainly delighted to join you, our Subcommittee Chairman, this
morning on this very important hearing.

As always, it’s a privilege to share the dais with our distin-
guished Ranking Member of the full Commerce Committee, Sen-
ator Hutchison. Without her consistent leadership, along with Sen-
ator Nelson, we would not be in a position to hear what I hope will
be a very positive message from Administrator Bolden and our
other distinguished witnesses from the three key NASA centers.

As many have said, the Nation is at a crucial crossroads in our
Human Spaceflight Program. We are, for the first time in over 30
years, without the means of transporting our astronauts into outer
space.

Fortunately, the passage of the 2010 NASA Authorization Act
last year in an overwhelming bipartisan and bicameral show of
support provided the direction needed to remedy this situation as
soon as possible.

This hearing is intended to provide the Committee with a
progress report on how NASA is doing in carrying forward the pro-
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visions of that law, and moving us along the course outlined by the
law.

We'’re in a difficult economic time, as we all know. The fiscal
challenges are great. And that is no less true of NASA than the
rest of our Federal household.

In the relatively short time I've served on this subcommittee,
along with my more casual observations of NASA space flight pro-
grams over the years, I've developed a sense of confidence and trust
in the hardworking, dedicated people of NASA and their support
contractors. I believe the technical experience, expertise and com-
mitment is there to meet these enormous challenges—although,
sadly, somewhat diminished over the past year, as we have seen
the awkward, unfortunately ill-timed transition away from the
Space Shuttle Program to an all too slowly defined set of replace-
ment programs.

We now must move with maximum speed and efficiency within
the constraints we face to get back on track.

I look forward to hearing today that we are making real progress
in that regard. But I also want to hear if there are any obstacles
which will remain in which my colleagues and I can address and
remove in the months and weeks ahead.

The effective restoration of U.S. space restoration leadership is
simply too important to the well-being of the nation, both economi-
cally and competitively, for us to do anything less than our very
best to ensure the success of what is now, I hope, our common
shared plan for the future of U.S. space flight.

Thank you, again, for convening the hearing, Mr. Chairman. And
I look forward to the testimony and exchange of questions and an-
swers to follow. And I yield back.

Senator NELSON. Senator Hutchison.

STATEMENT OF HON. KAY BAILEY HUTCHISON,
U.S. SENATOR FROM TEXAS

Senator HUTCHISON. Well, thank you, Mr. Chairman.

And I want to say first that I'm going to talk about some of the
preamble to today’s hearing. But, this subcommittee has been in-
strumental in setting the direction and the course for NASA.

We have provided the leadership. And I, obviously, Senator Nel-
son, you've been there from the beginning. You have been the spir-
it, the leader, the little dog that got the bone that never would give
it up. All of those things that were necessary to make us go for-
ward as we were watching the Space Shuttle Program come to an
end. And I can’t say enough good about the never-give-up attitude
that you’ve had.

I want to say, Senator Boozman, you have jumped in in your
very first term, and you’ve met with the staff; you've learned all
the issues. You've always been a supporter of NASA, but you're an
effective leader. And thank you for taking this subcommittee, car-
ing about it, and being a major force for the things we’ve been able
to do. Thank you.

And T want to say that Senator Rockefeller also has been at our
backs. I mean, going forward, he was a little skeptical, frankly,
about the direction that NASA was going, and whether it was
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worth doing anything. But he became convinced, and he has been
a champion, along with us, to get our program back on track.

So, I just want to say that it has taken all of that, along with
great leadership from the House, to get where we are.

And T thought the Congressional Gold Medal Ceremony yester-
day was inspiring. It was beautiful. And I thought it should inspire
all of us that all the work that we’ve been doing for the last 2 years
to get us on track is not only well worth it, but essential; that we
can’t be the country that is backing off at a time when other coun-
tries are gearing up to go forward.

And T think we have some reestablishment to do to preserve our
leadership in human space flight. And we are here to help make
sure that happens.

As we were winding down the Space Shuttle Program, we were
not in sync with the administration. And I think Congress was ex-
ercising its prerogatives and trying to come to terms with the fact
that we weren’t going in the right direction with the right amount
of speed and vigor.

But, I will say that things have changed, I believe, and finally,
in a meeting that we had about 2 months ago with the Director of
the OMB and others, and Mr. Bolden and his Deputy, we've,
begun, I believe, to forge a consensus that now has resulted in the
September 14 announcement that the Space Launch System design
was, in fact, a reality. And the agreements, then, became formal-
ized, public, and contracts, I think, I'm hoping you’re going tell me,
are let, and we’re on a roll here.

And I will also say, while talking about the impetus that we
have—Barbara Mikulski has been a champion. I changed sub-
committees on Appropriations in order to be ranking on the Sub-
committee that would assure that the authorization bill that we
passed would be fully implemented. I couldn’t have done it without
a partner like Barbara Mikulski. And I believe her interest in, and
approach to, the science mission of NASA was an enhancement to
assure that we would be doing the space program in a way that
would complement and augment the science part. And so, we’re a
team on that score.

So, now I just want to renew my pledge for the next year and
month and a half, that we will continue to go forward vigorously.
We will conduct oversight vigorously. But, I'm hoping that we won’t
need the nudging, or the questioning, because we’ll all have that
team effort feeling, that we’re going forward with the same goals,
with the same vigor, with the same trust that really is necessary
to accomplish what we all want, I think—and that is, for us to take
our astronauts to the space station and beyond on our own momen-
tum, with our own great employees, with our own experienced
staff. And that’s my goal for the next year and month and a half
for this agency, and being on the appropriations side, as well as the
authorization side. We can make this happen.

So, thank you, Mr. Chairman. And I'll look forward to hopefully
hearing a progress report from the Administrator that is a positive
one, and we’ll all go forward singing Kumbaya. Thank you.

[The prepared statement of Senator Hutchison follows:]
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PREPARED STATEMENT OF HON. KAY BAILEY HUTCHISON, U.S. SENATOR FROM TEXAS

Thank you, Chairman Nelson, and Ranking Member Boozman for holding this
very important hearing today.

I am delighted to join you in hearing what I hope will be 11Good Newsl1 from
NASA regarding the steps that have been taken and will be taken, to implement
the 2010 NASA Authorization Act, especially with regard to development of the
Space Launch System, the Multi-Purpose Crew Vehicle, and the plan for effective
utilization of the International Space Station.

It is fitting that this hearing is taking place the day after four of our countries’
most celebrated astronauts were awarded the Congressional Gold Medal.

Today’s hearing is about the progress NASA is making in re-establishment and
preservation of America’s leadership in Human Space Flight and Exploration.

This is very critical point in the history of the American Space Program. The
United States is, at this moment, only barely a “spacefaring nation,” in that we
have no independent means of transporting astronauts into space.

The fact that we have the International Space Station and are able to live and
work there is the primary toe-hold we have on the claim to true “spacefaring status”
as a nation.

That is simply unacceptable. None of us like it; we all want to fix it, and this
hearing will, I hope, give us a measure of confidence that we are on the path toward
the solution. As my colleagues and Administrator Bolden know, it took us a while
to get to the point where we were in full agreement with the basic design of the
vehicles that will restore our human space flight capability.

But a little over 2 months ago, in a meeting with Jack Lew, Director of the Office
of Management and Budget, Senator Nelson and I, and the Administrator and Dep-
uty Administrator of NASA, we finally got there.

We agreed that we would all work together to find the resources and establish
the mechanisms to move forward, we saw the formal announcement of the decision.

On September 14, based on our agreement, NASA announced the way forward for
the Space Launch System. Allowing America to continue to support a manned space
program worthy of our Nation storied history in space.

Following that meeting and agreement that we would all work together to find
the resources and establish the mechanisms to move forward, we saw the formal
announcement of the decision.

As is always the case, actions speak louder than words.

Today, I am looking to hear about those actions. I believe they will reflect the
kind of movement we have been seeking, but I also know they will represent only
the beginning.

We have a long way to go, and we must see an aggressive and sustained commit-
ment to this undertaking.

I assure you that I will do my part over the coming year, to ensure that commit-
ment is real and that we are well on our way to ensuring American leadership in
human space exploration.

Thank you again, Senator Nelson and Senator Boozman. I look forward to hearing
the testimony today and the responses to the questions from the Committee.

Senator NELSON. Thank you, Senator Hutchison. Thank you for
your heartfelt remarks.

I have a great colleague from Florida. And on things that affect
our state, there is very little daylight between the two of us. And
this is another one of those subject areas—space.

Senator Rubio.

STATEMENT OF HON. MARCO RUBIO,
U.S. SENATOR FROM FLORIDA

Senator RUBIO. Thank you. Are we in opening statements? Or
are we in questions?

Senator NELSON. Yes.

Senator RUBI0. OK. Thank you. I apologize for being a few min-
utes late, and echo your sentiments, and likewise, enjoy working
with you—particularly on this program, and with our colleagues
from Arkansas and Texas, as well.
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And let me just say—I do have some questions later on, so I'll
be brief. But I wanted to share with you an anecdote that I think
will make you feel pretty good, and also gives us an insight to the
opportunity we have here.

During the August recess, as we finished here in early August,
one of the things I did for vacation is, we rented a car here in
Washington and we drove home. And as we were driving home, we
went down 95 into Florida, we spent a day at the Kennedy Space
Center, where we got to visit and watch some of the things they
put on there for visitors. And I hadn’t been there since I was 8
years old. My parents took me there for my eighth birthday.

Suffice it to say, a lot has changed. But my kids have never been
there. And they left there—especially my 1l-year-old—very inspired
by what America has accomplished in the past in the space pro-
gram.

I'll never forget—there’s a line. It’s from President Kennedy. It’s
his actual voice, where he justifies America’s space ambitions, and
he uses the example of someone who emerged from a cave—thou-
sands of years ago-and said, why do we go to space? The same rea-
son why people wonder what was on the other side of that moun-
tain. And, of course, a lot of human progress came as a result of
that(:l. And America’s space program has been a leader in that re-
gard.

And, as we were leaving there, we watched a film about the first
lunar landing. And my 11l-year-old daughter turned to me and
asked me, “Why don’t we go to the Moon anymore?” Which is not
just a specific question, but in general, I think the question that
younger Americans have is, why don’t we do great things anymore?

And I think we do great things. I think it’s important that we
remind them of the things we’ve accomplished, and all the things
that are going on in the unmanned programs as we build toward
manned capability once again.

But, I really think the space program is indicative of everything
that’s phenomenal about America. We're a nation of dreamers.
We'’re a nation of people that are intellectually and scientifically cu-
rious. I don’t think I need to justify or outline to the members of
this committee all of the commercial, scientific, military and eco-
nomic progress that has come as a result of our space program.

But, if you want a way to inspire young people in America to go
into science, math and technology, you know, the space program
probably can do that better than any other national endeavor that
we have.

Just a few moments ago I had a meeting with the first lady of
El Salvador. And as she was departing, she picked up her iPhone,
or, her Blackberry, and showed me pictures of her 4-year-old son.
And you'll never believe what her son had on the table. He had a
rocket that said USA on it, a little model rocket. This is the first
son in El Salvador, a 4-year-old. And I asked her, “What does he
want to be when he grows up?” She says, “He wants to be an astro-
naut.”

And that is what America’s space program has meant to our role
in world leadership, is that there’s a four-year-old boy in El Sal-
vador, the first son, the son of the president, who wants to be an
astronaut, and he’s inspired by America’s space program.
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There’s no replacement for our country in the world. There are
a lot of great nations that are emerging, but there’s nothing out
there that can take our place. And nothing is more indicative of
that than our space program.

So, obviously, we recognize the challenges we face, but also the
extraordinary opportunities.

And I want to thank you and everyone at NASA for the hard
work you do. And I hope that during my 6 years here in the Sen-
ate—or, I guess, 5 years and 2 months that I now, that I've, you
know, run out the clock on 10 months here—that I'll have an op-
portunity to watch as America’s space program remains a leader in
the 21st century.

So, thank you.

Senator NELSON. General Bolden. Thank you for being here.

STATEMENT OF HON. CHARLES F. BOLDEN, JR.,
ADMINISTRATOR, NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Mr. BOLDEN. Mr. Chairman, thank you for allowing me to be
here.

And to you and the other members of the Subcommittee, I want
to thank you for the opportunity to appear before this committee
today, and to discuss the outlook for NASA’s Human Spaceflight
Program.

Allow me first, though, to thank the Congress for approving, and
then yesterday awarding the Congressional Gold Medal to Astro-
nauts Senator John Glenn, Neil Armstrong, Buzz Aldrin, and Mi-
chael Collins.

And, Senator Nelson and Senator Hutchison, I especially thank
you both from the bottom of my heart for your inspiring words yes-
terday during the ceremony. It meant a lot.

Contrary to popular belief, this has been an incredible year for
NASA. We have completed assembling and outfitting the U.S. On-
orbit Segment of the International Space Station; we’ve taken key
steps in moving into the future of exploration beyond Low-Earth
Orbit; and we've watched a private company orbit a spacecraft
around earth and successfully deorbit and retrieve it intact; cele-
brated the 50th Anniversary of human spaceflight; and witnessed
the successful, safe conclusion of the historic Space Shuttle Pro-
gram.

Orbiting about 220 miles above Earth right now, the Inter-
national Space Station, or ISS, represents an unparalleled capa-
bility for human space-based research, with science facilities that
can support a variety of disciplines. The Station holds the promise
of new discoveries in areas directly related to NASA’s exploration
efforts, and in field that have terrestrial applications and can im-
prove life here on Earth.

NASA has engaged other organizations in the ISS program, and
in August of this year we finalized a cooperative agreement with
the Center for the Advancement of Science in Space, or CASIS, to
manage the portion of the ISS that operates as a U.S. National
Laboratory to increase usage and maximize its potential.

The ISS will provide opportunities to scientists and technologists
throughout at least 2020. And with yesterday’s successful docking
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of Soyuz 28S and the planned December docking of Soyuz 29S,
we’ll restore the ISS crew complement to six for the nominal 6-
month duration.

To support the ISS, NASA implemented the Commercial Orbital
Transportation Services, or COTS, effort to develop and dem-
onstrate cargo transportation capabilities, and the Commercial Re-
supply Services, or CRS, contracts to procure cargo services to and
from the Station.

NASA is pleased with the progress being made by both of these
efforts and we anticipate that Space Exploration Technologies, In-
corporated, or SpaceX, and Orbital Sciences Corporation will begin
transporting cargo to the International Space Station under their
respective CRS contracts next year, in 2012.

NASA is investing in the development of private sector human
spaceflight capabilities through the Commercial Crew Development
Initiative. Now the Agency is taking the next step through the
Commercial Crew Program—a partnership between NASA and the
private sector to incentive companies to build and operate safe, re-
liable and cost-effective commercial human space transportation
systems.

On September 19, NASA released a draft Request for Proposal
for Phase 1, and the Agency plans to release the final RFP for this
effort by the end of this year.

NASA is aggressively moving forward with our next generation
human spaceflight system by developing the Orion Multi-Purpose
Crew Vehicle, or MPCV and Space Launch System, or SLS, which
will take astronauts beyond Low-Earth Orbit.

NASA’s plans include an uncrewed system test flight of the
Orion and SLS in 2017, and a crewed flight test in 2021.

In May I approved the Orion-based reference vehicle design for
the MPCV, as Orion mapped well to the scope of our deep space
MPCYV requirements. The Agency’s current contractual partnership
with Lockheed Martin Corporation will therefore be used for at
least the development phase of the Orion.

In early Fiscal Year 2014, NASA plans to conduct Exploration
Flight Test—1, or EFT-1—an uncrewed test mission using an early
production variant of the Orion—that will help validate the vehi-
cle’s heat shield performance. In September I selected the design
for the SLS, which will take our astronauts farther into space than
ever before.

Early flights will be capable of lifting 70 to 100 metric tons,
evolving to a capacity of 130 metric tons.

SLS will use a liquid hydrogen and liquid oxygen propulsion sys-
tem based on the Shuttle Main Engines, and an upper stage that
uses the Ares I J2X engine.

While NASA plans to use five-segment solid rocket boosters, for
at most the first two initial capability flights there will be a com-
petition to develop the follow-on boosters.

The Orion MPCV and SLS launcher will provide the United
States with flexibility to conduct missions to a variety of compelling
destinations beyond LEO, such as the Earth-Moon or Sun-Earth
Lagrange points; near-Earth asteroids, the Moon, and the moons of
Mars, and, yes, Mars itself.
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As we look to the future of human spaceflight, NASA is working
with the National Research Council to develop roadmaps to guide
our technology investment strategy. We're exploring innovative
ways to drive a rapid pace of progress; reduce lifecycle costs; and
minimize the risk of incorporating new technologies into system de-
signs.

NASA is also actively engaging with the international commu-
nity through both the ISS partnership and the International Space
Exploration Coordination Group, or ISECG, which recently re-
leased the initial version of a Global Exploration Roadmap. The
GER examines options for expanding human presence into the
solar system, with a human mission to explore the surface of Mars
as its ultimate goal.

NASA, with our commercial and international partners, has em-
barked on a new phase of human space exploration and develop-
ment. In LEO, we see the culmination of the efforts of many na-
tions to construct the ISS and the beginnings of a new way of doing
business. The use of commercially provided services rather govern-
ment-owned vehicles to transport crew and cargo from earth to
LEO and back. This will enable NASA to focus on sending our as-
tronauts on missions of exploration beyond LEO with the Orion
and SLS. We’re committed to developing an affordable, sustainable
next generation human spaceflight system that will enable human
exploration, scientific discovery, broad commercial benefits, and in-
spirational missions that are in the best interest of the Nation.

We need your continued support to provide the funding required
for this and all our human spaceflight efforts.

Mr. Chairman, I'd be happy to respond to any questions you or
other members of the Subcommittee may have at this time.

[The prepared statement of Mr. Bolden follows:]

PREPARED STATEMENT OF HON. CHARLES F. BOLDEN, JR., ADMINISTRATOR,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Mr. Chairman and members of the Subcommittee, thank you for the opportunity
to appear before you today to discuss the outlook for NASA’s human space flight
program. This has been a remarkable year, as we have completed assembling and
outfitting of the U.S. On-orbit Segment (USOS) of the International Space Station
(ISS), allowing us to focus on full utilization of the Station’s research capabilities;
taken key steps in moving forward into the future of exploration beyond Low-Earth
Orbit (LEO); celebrated the 50th anniversary of human spaceflight; and witnessed
the successful conclusion of the historic Space Shuttle Program. We are also pleased
with the progress our industry partners have made in developing an American capa-
bility to transport cargo and eventually astronauts to the ISS, and end the outsourc-
ing of this work to foreign governments. More importantly, this will add a critical
level of redundancy for transporting cargo and crew to the ISS. A robust transpor-
tation architecture is important to ensuring full utilization of this amazing research
facility. Enabling commercial crew and cargo transportation systems in LEO allows
NASA to focus on developing its own systems for sending astronauts on missions
of exploration beyond LEO. This split between commercial and Government systems
allows for a cost effective approach to promote a broad base for human exploration
by the United States.

International Space Station

The ISS is the culmination of the efforts of the United States and its Canadian,
European, Japanese, and Russian partners to work together to construct a highly
complex and capable spacecraft with components built in many nations around the
globe, launched from four different space centers, and assembled on orbit by astro-
nauts conducting over 160 spacewalks. It represents an unparalleled capability for
human space-based research. The STS-135 mission, flown by Space Shuttle Atlantis
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in July of this year, marked the conclusion of the successful Space Shuttle Program
after 30 years of flight, as well as the completion of major assembly and outfitting
activities on the ISS. The Station, including its large solar arrays, spans the area
of a U.S. football field and end zones, and weighs over 860,000 pounds, without its
variety of visiting vehicles. The complex has more livable room than a conventional
five-bedroom house, and has two bathrooms, a fitness center, a 360-degree window,
and, most importantly, state-of-the-art scientific research facilities that can support
a large variety of research disciplines. Examples include high-energy particle phys-
ics, Earth remote sensing and geophysics experiments, protein crystallization ex-
periments, human physiology research (including bone and muscle research), radi-
ation research, plant and cultivation experiments, combustion research, fluid re-
search, materials science experiments, and biological investigations. Since November
2, 2001, when the crew of Expedition 1 docked with the ISS, the Station has been
visited by more than 200 people, and has been continuously crewed for over 11
years. With the docking of Soyuz 28S to the ISS on November 16, 2011, the Soyuz
crew exchange capability is restored. The planned December 2011 docking of Soyuz
298 will restore the crew complement to six for a nominal six-month duration.

Beyond being a feat of unparalleled engineering and construction, as well as inter-
national collaboration, the ISS is a place to learn how to live and work in space over
a long period of time. It is a place to conduct research and development (R&D) that
cannot be pursued on Earth due to our gravitational field. The three major science
laboratories aboard the ISS—the U.S. Destiny, European Columbus, and Japanese
Kibo facilities—as well as external test beds, enable astronauts to conduct a wide
variety of experiments in the unique, microgravity and ultra-vacuum environment
of LEO. It is important to note that the Station supports R&D across an array of
disciplines, including biology and biotechnology, Earth science, space science, human
research, physical and materials science, and technology development. This means
that R&D conducted aboard Station holds the promise of new discoveries not only
in areas directly related to NASA’s exploration efforts, but in fields that have terres-
trial applications, as well. The ISS will provide these opportunities to scientists and
technologists through at least 2020.

In the NASA Authorization Act of 2005 (P.L. 109-155), Congress designated the
U.S. segment of the ISS as a National Laboratory, and directed NASA to seek to
increase the utilization of the ISS by other Federal entities and the private sector.
To this end, on February 14, 2011, NASA issued a cooperative agreement notice,
and on August 31, 2011, the Agency finalized a cooperative agreement with the Cen-
ter for the Advancement of Science in Space (CASIS) to manage the portion of the
ISS that operates as a U.S. National Laboratory. NASA has made solid strides in
its effort to engage other organizations in the ISS program, and the Agency now has
Memoranda of Understanding with five Federal agencies and Space Act Agreements
with nine companies and universities.

While the ISS offers extraordinary opportunities for advancing science and tech-
nology to other U.S. Government agencies, non-profit research foundations, and pri-
vate firms, it will also continue to meet NASA’s mission objective to prepare for the
next steps in human space exploration—steps which will take astronauts beyond
LEO to destinations such as the asteroids, the Moon, and eventually, Mars. The ISS
is NASA’s only long-duration flight analog for future human deep space missions.
It provides an invaluable laboratory for research with direct application to the ex-
ploration requirements that address human risks associated with deep space mis-
sions. It is the only space-based multinational research and technology test-bed
available to identify and quantify risks to human health and performance, identify
and validate potential risk mitigation techniques, and develop countermeasures for
future human exploration.

In addition to the direct research benefits to be gained by utilizing the ISS as a
National Laboratory, this innovative arrangement also supports NASA’s effort to
promote the development of a LEO space economy. National Lab partners can use
the unique microgravity environment of space and the advanced research facilities
aboard Station to enable investigations that may give them the edge in the global
competition to develop valuable, high technology products and services. Further-
more, the demand for access to the ISS will support the providers of commercial
crew and cargo systems. Both of these aspects of the U.S. segment of ISS as a Na-
tional Laboratory will help establish and demonstrate the market for research in
LEO beyond the requirements of NASA.
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U.S. Commercial Cargo and Crew Transportation Services for the ISS

Commercial Orbital Transportation Services (COTS) and Commercial Resupply
Services (CRS)

In the area of commercial cargo transportation, NASA has implemented a two-
phased approach for developing and procuring services: Commercial Orbital Trans-
portation Services (COTS) to develop and demonstrate commercial cargo transpor-
tation capabilities; and Commercial Resupply Services (CRS) to procure cargo resup-
ply services to and from the ISS. NASA is pleased with the progress being made
by Space Exploration Technologies, Inc. (SpaceX) and Orbital Sciences Corporation
(Orbital) on both of these efforts.

We anticipate that these providers will begin transporting cargo to the ISS in
2012—a challenging endeavor that will mark a significant milestone for both compa-
nies. NASA and these providers have spent many years preparing for the full utili-
zation phase of ISS; now is the time when we will begin to see the fruits of this
planning and development. NASA is engaged in ISS utilization and with the help
and dedication of these providers; the ISS will be more extensively utilized and posi-
tioned to demonstrate the benefits of space-based R&D more widely to the world.

Commercial Crew Development (CCDev)

NASA’s investments have been aimed at stimulating efforts within the private
sector to develop and demonstrate human spaceflight capabilities through the
CCDev initiative. Since 2009, NASA has conducted two CCDev rounds, soliciting
proposals from U.S. industry to further advance commercial crew space transpor-
tation system concepts, and mature the design and development of elements of the
system, such as launch vehicles and spacecraft. In the first round of CCDev, NASA
awarded five funded Space Act Agreements (SAAs) in February 2010, which con-
cluded in the first quarter of 2011. Awardees and the amounts of the awards were:
Blue Origin, $3.7 million; the Boeing Company, $18.0 million; Paragon Space Devel-
opment Corporation, $1.4 million; Sierra Nevada Corporation, $20.0 million; and
United Launch Alliance, $6.7 million. Under these SAAs, companies received fund-
ing contingent upon completion of specified development milestones, all of which
were successfully accomplished by the CCDev industry partners.

During the second CCDev competition, known as CCDev2, NASA awarded four
funded SAAs that are currently being executed with the following industry partners:

e Blue Origin’s work involves risk-reduction activities related to its reusable
biconic shaped Space Vehicle, which is to be launched first on an Atlas V launch
vehicle, and then on Blue Origin’s own Reusable Booster System. As of October
31, 2011, Blue Origin had successfully completed five of ten milestones and
NASA had provided $11.2 million of the $22 million planned for this effort.

e The Boeing Company is maturing its concept for a capsule-based spacecraft that
will be reusable for up to ten missions and be compatible with multiple launch
vehicles. As of October 31, 2011, Boeing had successfully completed five of fif-
teen milestones and NASA had provided $52.5 million of the $112.9 million
planned for this effort.

e Sierra Nevada Corporation (SNC) is maturing its Dream Chaser, a reusable, pi-
loted lifting body, derived from NASA’s HL-20 concept that will be launched on
an Atlas V launch vehicle. As of October 31, 2011, SNC had successfully com-

leted five of thirteen milestones and NASA had provided $30 million of the
5105.6 million planned for this effort.

e SpaceX is maturing its flight-proven Falcon 9/Dragon transportation system fo-
cusing on developing an integrated, side-mounted Launch Abort System. Their
crew transportation system is based on the existing Falcon 9 launch vehicle and
Dragon spacecraft. As of October 31, 2011, SpaceX had successfully completed
four of ten milestones and NASA had provided $40 million of the $75 million
planned for this effort.

In addition to the four funded agreements mentioned above, NASA has also
signed SAAs without funding with three companies: Alliant Techsystems, Inc.
(ATK); United Launch Alliance (ULA); and Excalibur Almaz, Incorporated (EAI).
The ATK agreement is to advance the company’s Liberty launch vehicle concept.
The ULA agreement is to accelerate the potential use of the Atlas V as part of a
commercial crew transportation system. The EAI agreement is to further develop
the company’s concept for LEO crew transportation. As of October 31, 2011, ATK
had successfully completed one of five milestones; ULA successfully completed two
of five milestones; and EAI had completed one of five milestones.
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Commercial Crew Program (CCP)

The CCP is a partnership between NASA and the private sector to incentivize
companies to build and operate safe, reliable, and cost effective commercial human
space transportation systems. In the near term, NASA plans to be a partner with
U.S. industry, providing technical and financial assistance during the development
phase. In the longer term, NASA plans to buy transportation services for U.S. and
U.S.-designated astronauts to the ISS. We hope that these activities will stimulate
the development of a new industry that will be available to all potential customers—
including the U.S. Government—putting U.S. industry in a leadership role for this
new market.

On September 19, 2011, NASA released a draft Request for Proposals (RFP) for
Phase 1, entitled Commercial Crew Integrated Design Contract (CCIDC), inviting
industry to comment on the process. The final CCIDC RFP will incorporate input
from industry as appropriate and solicit proposals for a complete end-to-end crew
transportation and rescue system design, including spacecraft, launch vehicles,
launch services, ground and mission operations, and recovery. NASA plans to re-
lease the final RFP for this effort by the end of 2011.

NASA has been told consistently by a broad range of potential providers that pri-
vate sector partners expect to be able to achieve the capability to provide commer-
cial spaceflight services to the ISS within 3-5 years from initial development start.
NASA’s FY 2012 budget request of $850 million for CCP would provide that initial
start in FY 2012 for the development of commercial crew transportation systems,
which NASA believes would enable services to ISS to be possible in the 2016 time-
frame. A reduction in funding from the President’s request could significantly im-
pact the program’s schedule, risk posture, and acquisition strategy. NASA’s initial
analysis shows that a FY 2012 funding level of $500 million (consistent with the
2010 NASA Authorization Act) implemented with the current contract-based NASA
acquisition strategy would delay initial capability to ISS to 2017, assuming addi-
tional funding is available in the outyears.

Preparing for the Next Giant Leap—Supporting Beyond-LEO Exploration

NASA is aggressively moving forward with our next generation human spaceflight
system by developing the Orion Multi-Purpose Crew Vehicle (MPCV) and Space
Launch System (SLS), which will take astronauts beyond LEO for the first time
since the Apollo—17 lunar mission of December 1972. NASA’s plans include an
uncrewed system test flight of the Orion and SLS in 2017, and a crewed test flight
in 2021.

In addition, we are planning to conduct Exploration Flight Test-1 (EFT-1), an
uncrewed, two-orbit, high apogee, high-energy-entry, low-inclination test mission
that is targeted for flight in early FY 2014. This early exploration flight test is crit-
ical to providing early data to influence design decisions and serving as a pathfinder
to validate innovative new approaches to space systems development that will re-
duce the cost of exploration missions. The EFT-1 utilizes an early production vari-
ant of the Orion spacecraft that will be integrated on a Lockheed Martin-procured,
commercially available heavy class launch vehicle. This launch vehicle will require
performance capability to launch a mass of approximately 18 metric tons to provide
the energy and guidance capability to achieve reentry conditions required to vali-
date Orion’s heat shield performance.

The EFT-1 spacecraft will make a water landing and will be recovered using the
21st Century Ground System (21CGS) recovery forces planned for future human ex-
ploration missions. The proposed flight test provides an opportunity to significantly
inform critical design by operating the integrated spacecraft hardware and software
in flight environments that cannot be duplicated by ground testing.

Orion Multi-Purpose Crew Vehicle (MPCV)

In May 2011, I approved the Orion-based reference vehicle design, outlined in
NASA’s January 2011 report to Congress, as the Agency’s MPCV. The Orion, which
was already being built to meet the requirements of a deep-space vehicle, maps well
to the scope of the MPCV requirements outlined in the NASA Authorization Act of
2010. The Agency’s current contractual partnership with Lockheed Martin Corpora-
tion will therefore be used for at least the development phase of the MPCV.

The MPCV will transport crew from the Earth’s surface to destinations beyond
LEO, eventually providing all services necessary to support a crew of up to four for
up to 21-day missions. For very long beyond-LEO missions, such as exploration of
Near Earth Asteroids (NEAs) or other planetary bodies, additional elements—a
space habitation module for example—will be included to provide long-duration deep
space habitation capability.
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Mounted on top of the SLS for launch and ascent, the MPCV will be capable of
performing abort maneuvers should an emergency arise, to safely separate from the
launch vehicle and return the crew to the Earth’s surface. MPCV will also be capa-
ble of performing in-space aborts if conditions require the immediate safe return of
the crew. The vehicle will include the necessary propulsive acceleration capability
to rendezvous with other mission elements and return the flight crew from the des-
tination to the Earth’s surface. In-space operations, such as rendezvous and docking
and extravehicular activities, will be performed with the MPCV in conjunction with
other mission elements.

The MPCV will be capable of efficient and timely evolution, allowing for an incre-
mental or “block” development and mission capability approach. This will enable
early progress to be made on the fabrication of key design aspects, depending on
available funding, while utilizing early testing to buy down risks associated with
subsequent block configurations. Each test cycle will also provide an opportunity to
on-ramp or off-ramp capabilities as the design evolves.

Moving forward, work on the MPCV will focus only on the deep-space design.
While the MPCV could be called upon to service the ISS as a contingency effort—
a backup requirement established by the NASA Authorization Act of 2010 (P.L.
111-267)—it should be well understood that utilizing the vehicle for routine ISS
transportation would be a very inefficient and costly use of the MPCV deep-space
capability. NASA is confident in the ability of our commercial and international
partners to provide all currently foreseen support for the ISS. Therefore, there is
no intention to conduct routine LEO missions with the MPCV.

Space Launch System (SLS)

On September 14, 2011, I selected the design of a new launch vehicle—the SLS—
that will take the Agency’s astronauts farther into space than ever before, create
high-quality jobs here at home, and provide the cornerstone for America’s future be-
yond LEO human space exploration efforts. This new heavy-lift rocket will be Amer-
ica’s most powerful since the Saturn V rocket that carried Apollo astronauts to the
Moon and will launch humans to places no one has gone before. SLS’s early flights
will be capable of lifting 70—100 metric tons before evolving to a lift capacity of 130
metric tons.

The new rocket will use a liquid hydrogen and liquid oxygen propulsion system.
The vehicle’s core stage will utilize existing Space Shuttle Main Engines (SSME
RS-25D) for the initial capability (the first four or five missions, depending on
manifest requirements). NASA is planning to develop an expendable version of the
SSME (RS-25E) which would have lower manufacturing costs but still provide the
engine performance needed, particularly specific impulse in a vacuum environment.
NASA’s use of the SSME inventory will reduce initial design costs and take advan-
tage of an existing human-rated system. NASA plans to modify and use the existing
SSME contract with Pratt & Whitney Rocketdyne to acquire engine servicing and
testing for the initial launch system.

The upper stage of the SLS will also use a liquid hydrogen and liquid oxygen pro-
pulsion system that includes the Ares I upper stage engine, the J2X. NASA intends
to modify the existing Ares I Upper Stage contract with Boeing to develop the SLS
core stage and upper stage and will also utilize the existing J2X contract with Pratt
Whitney Rocketdyne to continue developing the upper stage engine. The Ares I
Upper Stage Production Contract is the only means to meet SLS milestone sched-
ules and avoid substantial duplication of cost, and the Ares I Upper Stage has the
same functionality as the SLS Core and Upper Stage elements. NASA also plans
to modify and use the existing Ares Instrument Unit/Avionics contract.

While NASA plans to use five-segment solid rocket boosters for at most the first
two initial capability flights of the SLS, there will be a competition to develop the
follow-on boosters based on performance requirements. On October 7, 2011, the
Agency released a Request for Information for Advanced Development of the follow-
on systems boosters and received over 30 responses from the aerospace industry.

Beyond LEO Exploration with Orion MPCV and SLS

The primary purpose of the Orion MPCV and SLS heavy lift vehicle is to conduct
crewed deep space missions of exploration beyond LEQO. Together, they represent the
foundational building blocks and key enablers for both our national and inter-
national human spaceflight exploration enterprise.

The Orion MPCV and SLS launcher will provide the United States with the flexi-
bility to conduct missions to a variety of compelling destinations beyond LEO, in-
cluding NEAs, the Moon, the moons of Mars, and Mars itself. The “horizon destina-
tion” for human space exploration is Mars, as it represents a compelling destination
for both robotic and human space exploration missions. A human exploration mis-
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sion to Mars will need vital technology, systems and operational development to suc-
ceed in this tremendously bold and challenging endeavor. NASA is working to de-
velop new technologies to support human missions beyond LEO through its Space
Technology and Advanced Exploration Systems (AES) programs.

Advancing Space Exploration Technologies

NASA recognizes that any future human exploration effort is largely dependent
on developing breakthrough technologies that will enable us to safely go farther and
faster into space and at a lower cost. By investing in high payoff, disruptive tech-
nology that industry does not have today, NASA matures the technologies required
for future missions, while proving the capabilities and lowering the cost of govern-
ment and commercial space activities.

NASA has been working with the National Research Council to develop Tech-
nology roadmaps for the Agency. Much like the Science decadal surveys, these road-
maps will help guide our investment strategy to ensure NASA is advancing the
technology it needs for future human exploration. In a draft report released to the
public late this summer, the National Research Council made a stark observation
by noting that, “NASA’s technology base is largely depleted, and few new, dem-
onstrated technologies are available to help NASA execute its priorities in explo-
ration and space science.”

Internally, NASA has identified several critical technologies to advance human ex-
ploration. Within the Space Technology program Congress authorized, NASA is
working toward a FY 2016 flight demonstration to test long-term storage and trans-
fer capabilities for cryogenic fluids. Improved capabilities in this area, in combina-
tion with the SLS heavy-lift vehicle, will bring deep-space exploration closer to re-
ality. In addition, Boeing and a team of engineers from four NASA Centers are
working together to develop two large-scale, lightweight composite cryogenic propel-
lant tanks for validation and qualification testing in FY 2013 that promise to
achieve weight and cost savings as compared to traditional aluminum lithium tanks
and may be used on future heavy-lift launch vehicles. Other significant investment
includes acceleration of the in-space propulsion and space power generation and
storage ground-based technology development efforts required to reduce risk for a
future planned solar electric propulsion demonstration that will enable efficient
deep-space transportation that is required for deep-space exploration.

Other technology work in development includes the following:

e At Goddard Space Flight Center (GSFC) in Maryland, a team is developing a
laser-based, deep space communications system that will revolutionize the way
we send and receive data, video and other information, using lasers to encode
and transmit data at rates 10 to 100 times faster than today’s systems which
will be needed for future human and robotic space missions.

e At NASA’s Jet Propulsion Laboratory (JPL), a team is developing a Deep Space
Atomic Clock, which utilizes a key component from the Johns-Hopkins Applied
Physics Laboratory, that will dramatically improve navigation and guidance in
future deep space missions, and may lead to an improved Global Positioning
System (GPS) in support of activities here on Earth.

e At JPL and the Langley Research Center, engineers are working to develop
lightweight planetary entry systems that will enable large mass, high elevation
and pinpoint landing capabilities required for Mars and other planetary des-
tinations.

e At Johnson Space Center, a team is working to build on the Robonaut 2 dem-
onstration on ISS and further NASA’s development of next-generation tele-ro-
botics systems.

Consistent with NASA’s technology roadmaps, the Human Exploration and Oper-
ations Mission Directorate’s (HEOMD) AES Program is pioneering new approaches
for rapidly developing prototype systems, demonstrating key capabilities, and vali-
dating operational concepts for future human missions beyond Earth orbit. AES ac-
tivities are uniquely related to crew safety and mission operations in deep space,
and are strongly coupled to future vehicle development. Early integration and test-
ing of prototype systems will reduce risk and improve affordability of exploration
mission elements. The prototype systems developed in the AES program will be
demonstrated in ground-based test beds, field tests, underwater tests, and flight ex-
periments on the ISS. Many AES projects will evolve into larger integrated systems
and mission elements that will be tested on ISS before we venture beyond Earth
orbit. The AES and the Space Technology Programs will work closely together to
incorporate and integrate new technologies and innovations as they are matured to
the point of infusion.
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The AES Program is also working closely with NASA’s Science Mission Direc-
torate to pursue a joint program of robotic precursor activities that will acquire crit-
ical data on potential destinations for future human missions such as the Moon,
NEAs, and Mars and its moons. This program builds upon the successful collabora-
tion between science and exploration on the Lunar Reconnaissance Orbiter mission.
Later this month, the Mars Science Laboratory will be launched. Onboard the rover
will be a Radiation Assessment Detector to measure the radiation environment dur-
ing the transit to and on the surface of Mars. These data will help researchers to
understand how the Mars radiation environment may affect the health of future
human explorers.

The development, testing, and evolution of an array of technologies for missions
beyond LEO, including propulsion, logistics and resupply, life sciences and human
systems, communications, and many other areas, enables what we call the Capa-
bility Driven Framework, and it’s the basic approach to safely extending human
presence to multiple destinations throughout the solar system in a robust, sustained
and affordable manner.

In addition to developing building blocks for future missions, the AES and Space
Technology programs are exploring innovative ways to drive a rapid pace of
progress, streamline project management, and use NASA’s resources workforce more
effectively. By using small, focused projects to rapidly develop and test prototype
systems in house, NASA hopes to greatly reduce lifecycle costs, and minimize the
risk of incorporating new technologies into system designs.

A Capability Driven Framework Approach to the Human Space Exploration
Architecture

NASA, in collaboration with our international, interagency, industry, and aca-
demic partners, continues to refine the analysis, planning, and communication that
will be instrumental in defining an effective Capabilities Driven Framework as a
long-term strategy for guiding NASA investments in capabilities, technologies,
robotic precursors, testing and development, terrestrial analogue activities, and the
partnerships that will enable them. NASA’s ongoing and cross-cutting Human Ar-
chitecture Team (HAT) continues the integrated planning, development, and anal-
ysis of the human spaceflight exploration and operations architecture, taking into
consideration technology, science, and supporting infrastructure.

Leveraging the ISS as an important National research platform and test bed for
exploration technologies and operational concepts and other potential missions in
relatively close proximity to the Earth are actively being considered as part of the
incremental capability build-up approach. These include potential satellite servicing
and repair missions, assembly of large structures, or extended duration missions
outside the radiation protection afforded by the Earth. The High-Earth Orbit and
Geosynchronous Orbit regions provide another opportunity to test spacecraft sys-
tems at greater distances and in more challenging environments consistent with the
NASA Authorization Act of 2010 (P.L. 111-267), which specifies that the architec-
ture have “. . . the capability to conduct regular in-space operations, such as ren-
dezvous, docking, and extra-vehicular activities, in conjunction with . . . other vehi-
cles, in preparation for missions beyond low-Earth orbit or servicing of [future ob-
servatory-class scientific spacecraft intended to be deployed in Earth-orbit], or other
assets in cis-lunar space.”

When looking beyond near-Earth space and LEO, several missions and target des-
tinations are viable. These include Earth’s closest solar system neighbors: the
Earth-Moon or Sun-Earth Lagrange points and cis-lunar space, NEAs, the Moon,
the moons of Mars, and Mars. Each destination provides unique exploration and
operational opportunities. Lunar circumnavigation and flights to Earth-Moon or
Earth- Sun Lagrange points hold near-term promise as compelling test locations for
the SLS, Orion MPCV, and other key emerging systems. Lagrange points are gravi-
tationally stable regions created by the interaction of the gravity fields of any two
large masses; an object placed at a Lagrange point will tend to stay in place for a
long time. The Earth-Moon L1 and L2 Lagrange points could therefore be excellent
“gateways” for a multitude of exciting exploration missions. The NEAs provide the
opportunity to send humans beyond the solar orbit of Earth while holding compel-
ling science and planetary defense knowledge-building potential. In addition to pos-
sible scientific prospects, missions to NEAs would afford astronauts the experience
applicable to deeper-space missions that would eventually contribute to establishing
a permanent human presence beyond Earth. There are a few asteroids which could
be visited by the SLS and Orion MPCV in the time-frame under consideration. Addi-
tional NEA survey data will be required to identify and refine the catalog of poten-
tial targets.
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On a slightly longer timeline, the moons of Mars—Deimos and Phobos—present
opportunities to blend both NEA and surface mission attributes in a hybrid mission
that may be less risk- and resource-intensive than a full Mars surface exploration
mission, but still be very much on the enabling path for such a mission. Mars, being
the farthest and most challenging destination in the capability-driven plan, rep-
resents a long-term goal or horizon destination for human exploration and later
longer duration surface habitation. Mars has a plethora of scientifically important
and resource-rich targets from which to choose. Collectively, the NEAs, lunar, and
Mars destinations also respond to the NASA Authorization Act of 2010, which states
that Congress finds “. . . the extension of the human presence from low-Earth orbit
to other regions of space beyond low-Earth orbit will enable missions to the surface
of the Moon and missions to deep space destinations such as near-Earth asteroids
and Mars.”

NASA shares the belief of its partners that challenging and exciting exploration
missions will be international in nature, so we are actively engaging with the inter-
national community, facilitating efforts to collaboratively set the stage for human
exploration missions of the future through both the ISS partnership and in the
International Space Exploration Coordination Group.

International Cooperation: The Global Exploration Roadmap (GER)

In September 2011, the initial version of the Global Exploration Roadmap (GER)
was released by the International Space Exploration Coordination Group (ISECG)
and its members. The GER is the culmination of work by 12 of the 14 ISECG space
agencies over the past year to advance coordinated space exploration.

The GER starts with the ISS as a foundation, and examines options for expanding
human presence into the solar system, with a human mission to explore the surface
of Mars as the ultimate goal. The GER lays out a framework for continuing inter-
national discussions, including Common Goals and Objectives, two potential sce-
narios for human and robotic exploration over the next 25 years: “Asteroid Next”
and “Moon Next”; and, Human Exploration Preparatory Activities. The exploration
scenarios and preparatory activities are not binding on the participating agencies,
but they may serve to inform agency decisions related to exploration activities.

Through the work of the ISECG and the GER, many of the world’s space agencies
have begun collaboratively working on long-range exploration mission scenarios.
Agencies are looking for near-term opportunities to coordinate and cooperate that
represent concrete steps toward enabling the future of human space exploration
across the solar system.

Implementing the Future

In implementing NASA’s missions, the Agency’s Centers ensure that the future
outlined here is brought into being. Three of NASA’s Centers focused on human
spaceflight goals are the Johnson Space Center, in Texas; the Kennedy Space Cen-
ter, in Florida; and, the Marshall Space Flight Center, in Alabama. Without these
Centers’ highly skilled and dedicated workforce and state-of-the-art facilities, real-
izing the full potential of the human exploration of space would be impossible.

The Johnson Space Center (JSC) leads the development of the Orion MPCV, and
the Program is working to make this vehicle affordable and able to meet budget and
schedule requirements. As part of that effort, NASA is finalizing Orion’s flight test
strategy so that flight tests can focus on high risk items earlier in the development
cycle when it costs less to change them. Orion has also streamlined NASA’s insight
and oversight model, using engineering for more in-line development work rather
than only oversight. JSC has been working closely with other NASA centers on pro-
gram-to-program integration to ensure safe and successful flight.

JSC continues to focus on operating, utilizing, and maintaining a safe ISS. The
Center is working to enhance ISS capabilities for research and technology, allowing
us to use Station as a test bed for deep space engineering demonstrations and build-
ing upon our international partnership.

The Kennedy Space Center (KSC) is focused on commercial partnerships to sup-
port safe, reliable, and cost effective access to LEO and the ISS, looking for creative
ways to collaborate. Currently, KSC has approximately 80 partnership agreements
signed or in discussion. A successful example is the historic agreement with Space
Florida for use of Orbiter Processing Facility—3 (OPF-3) by Boeing to manufacture
and test their CST-100 spacecraft.

KSC’s Commercial Crew Program is developing a viable commercial space indus-
try, which is will enable the U.S. to retain jobs and technical expertise, and the Cen-
ter’s 21st Century Ground Systems Program is going forward to build a true multi-
user launch complex for our Nation. It is evolving from a Government-centric, gov-
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ernment-owned and operated complex, to a true multiuse spaceport with Govern-
ment and commercial operations utilizing key infrastructure for access to space.

The Marshall Space Flight Center (MSFC) is designing and developing the SLS.
The plan for SLS starts where we are, with a talented workforce, robust hardware,
and unique infrastructure either already in place or well into development, while
providing competitive opportunities for advanced technologies that will be evaluated
on both performance and return on investment. The SLS Program is a lean organi-
zation that has streamlined its interfaces, workflow, and decision-making processes.

MSFC is also responsible for hardware and payload operations for the ISS and
such science missions as the Discovery and New Frontiers Programs and the
Chandra X-ray Observatory. The Center continues to lead the way in propulsion,
science and discovery, in part because of its exceptional team of renowned experts
and many unique, specialized laboratories and facilities.

All three Centers are engaged in both the AES and Space Technology programs
developing the essential technologies required for deep space exploration.

It is important to note that while JSC, KSC, and MSFC are represented here
today, all of NASA’s Centers play a role in the Agency’s exploration efforts, whether
in the form of providing valuable testing and other support facilities, or operating
NASA'’s robotic science missions. The Agency relies on its personnel and infrastruc-
ture around the Nation to accomplish America’s achievements in space.

Conclusion

NASA, with our commercial and international partners, has embarked on a new
phase of human space exploration and development. In LEO, we see the culmination
of the efforts of many nations to construct the ISS. From September 2000 to October
2010, 1,149 investigations were conducted aboard the Space Station, including U.S.,
International Partner, and National Laboratory Pathfinder investigations. This re-
search involved 1,600 scientists and has already resulted in more than 310 scientific
publications. The Station has now entered its operations and research phase, and
this phase will continue through at least 2020. This research will benefit NASA’s
exploration goals, but also go beyond this by enabling other governmental and non-
governmental entities to conduct wide-ranging experiments that we anticipate will
result in a variety of terrestrial benefits.

All of this research will be supported by a new way of doing business: the use
of commercially provided services rather than Government-owned vehicles to trans-
port crew and cargo from Earth to LEO and back again. We are also working ag-
gressively to bring the new domestic commercial cargo providers onboard. The Com-
mercial Crew Program has great promise, but also some significant challenges
ahead. Human spaceflight is a very difficult endeavor, and our industry partners
will have the responsibility for the full end-to-end system. Private enterprise and
affordable commercial operations in LEO will enable a truly sustainable step in our
expansion into space—a robust, vibrant, commercial enterprise with many providers
and a wide range of private and public users will enable U.S. industry to support
NASA and other Government and commercial users safely, reliably, and at a lower
cost. NASA is proud to help in laying the groundwork for the emerging LEO space
economy.

By investing in space technology research, NASA can be a significant part of the
solution to our Nation’s economic, national security and geopolitical challenges.
NASA’s Space Technology Program will support NASA’s needs and also act as a cat-
alyst for innovation throughout America’s aerospace industries, and it will create
new, high technology jobs and innovations in manufacturing that will guarantee
American leadership in the new technology economy.

The commercial systems will enable NASA to focus its own development efforts
on the Orion MPCV and SLS, which will send our astronauts on missions of explo-
ration beyond LEO. These systems will be flexible enough to support many different
mission scenarios, and will serve well in the decades to come. One of NASA’s great-
est challenges will be to reduce the development and operating costs (both fixed and
recurring) for human spaceflight missions to sustain a long-term U.S. human
spaceflight program. We must plan and implement an exploration enterprise with
costs that are credible and affordable for the long term under constrained budget
environments. We are committed to developing an affordable, sustainable, and real-
istic next-generation human spaceflight system that will enable human exploration,
scientific discovery, broad commercial benefits, and inspirational missions that are
in the best interests of the Nation. We are also committed to the development of
the necessary technologies required to explore our universe. We need your continued
support to provide the funding required for this effort.

Mr. Chairman, I would be happy to respond to any question you or the other
Members of the Subcommittee may have.
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Senator NELSON. Thank you, General.

Senator Boozman.

Senator BoozZMAN. Thank you, Mr. Senator, the senator with the
bone that won’t let go.

[Laughter.]

Senator BoOZMAN. We appreciate your testimony and appreciate
you being here.

The Space Launch System and Multi-Purpose Crew Vehicle are
anticipated to fly unmanned in 2017, and then manned in 2021. If
SLS is planning for a $1.2 billion flat budget, can you explain what
exemptions are made with respect to the budget for those projected
dates?

Mr. BOLDEN. Senator, I will let Robert Lightfoot, who’s behind
me, talk to specifics of your question. But in general, we are as-
suming that we are going to get $1.2 billion as a starting amount
for SLS, and that, as an absolute minimum, we’ll be allowed to es-
calate for inflation. Otherwise, it’s a decreasing budget. And I do
need to make that very clear. So, that’s one budget assumption, if
that’s what you were asking.

Senator BoOZMAN. Really, what I wanted to know was, if you
had a $1.8 billion, what’s the difference in getting stuff done?

Mr. BOLDEN. Sir, if I had—every time you give me more money,
I can get it done much more rapidly, and I can—given the flexi-
bility of using the funds for exploration, the combination of MPCV
and SLS, we can build, we can execute a development profile which
resembles what everybody else in the world recognizes is realism,
which is, funding expenditures that go up and down over time, the
area under the curve, if you want to, stays the same, because I'll
spend the same amount of money over a given period of time, but
T'll be allowed to vary the amount that’s spent each year so that
we can keep the two programs moving along simultaneously and
get to the same end point together, instead of running the risk of
having one ready, and having to wait while we try to bring the
other one up to catch up to it.

Senator BoozZMAN. In regard to the Orion MPCV, in your testi-
mony you state that no contract changes need to be made through
the development phase. Is there a plan to complete the MPCV
manufacturing in its operational phase? When is the development
phase for the MPCV expected to be complete?

Mr. BOLDEN. I'll take, for the record, when, you know, the date
that the development phase is expected to be completed, because
it’s an evolving program, and I will have to find out for you the
definite date that it’s complete.

But in terms of what are our plans for the future with the MPCV
itself, we are talking about a developmental program, which you
gets you to the point that you're satisfied that the configuration
you have and everything else is what you want to go operate with
for the rest of your time, and that will, that could end up being a
competitively based contract. But that’s down the road. We may
find at that time that, you know, you want to do similarly to what
we did this time with Orion and use the same configuration. But,
that’s yet to be decided.

Senator BOOZMAN. Very good.
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In your testimony you talked about the Exploration Flight Test,
and that it will validate innovative new approaches to space sys-
tems development which are expected to reduce the costs of explo-
ration missions.

Can you elaborate on what you mean by new approaches, and
how cost is reduced? What other benefits are there from, for this
flight test? What’s the expected cost? How will the flight tests af-
fect risk? Some of those kind of things?

Mr. BOLDEN. Every time we fly, we buy down risk. So, any flight
test, it, one of its prime objectives is to reduce the risk on subse-
quent flights and, eventually, in the operational phase. So, that is
always first and foremost in my mind, as a tester.

If you look at the thermal protection system on the MPCV, it is
a new system. It’s one that’s been developed for very specific pur-
pose. One of the primary goals that we endeavor to see with EFT—
1 is, are we right? You know, are our models correct? If we find
out that there is extremely high fidelity between what the flight
test shows and what the models show, it reduces the amount of
ground tests that you have to do. It increases your reliance on mod-
els. It means you don’t have to do as many tests downstream as
you wanted to do.

We did a shell buckling test, for example, at Marshall, oh, some-
time back this past year—not directly related to SLS—but it dem-
onstrated to us that we overbuild things. We took a segment of a
solid—I think it was a solid rocket booster, I've got to get this
right—external tank, and we put pressure on it until it failed. We
went to failure. That showed us that we build things a lot stronger
than we may need to do.

You know, those are little tests, but they help in the downstream
design of the vehicles that you're going to do. Every pound we can
take out of a design, every piece of wire that we don’t have to put
in it, means decreased cost. And it also adds to the reliability of
the system, because you don’t have as many components that you
have to worry about. And that’s, those are some of the things—and,
again, I'll, 'm out of my league here. That’s why I brought these
three experts behind me. And ask them that question, and they’ll
give you the real answer.

Senator BoozMAN. Thank you, Mr. Chairman.

Senator NELSON. Yes, sir.

Senator Hutchison.

Senator HUTCHISON. Thank you.

Mr. Bolden, the President’s budgets had been submitted before
we had the meeting with Jack Lew, the OMB Director. And as you
know, the Appropriations Committee and Congress changed the
budget request from the President to fund the SLS system at a
level in which it could be completed.

My question is, the 2013 budget—is that being revisited now by
NASA and OMB and the White House, to come more in line with
what Congress has now set out as the appropriate funding level?

Mr. BOLDEN. Senator, I, first of all, let me thank you very much
for hosting the meeting. I thought—and you and I have talked
about this—I thought that was a banner day for the country, be-
cause it represented, it proved, or demonstrated our ability to get
together on both ends of Pennsylvania Avenue, both parties, and
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come to consensus on priorities for the future of the Nation. And
as you remember, we all agreed that the three priorities for us
going forward would be SLS/MPCYV for exploration; enhancement of
the International Space Station supported by a robust commercial
crew and cargo program; and then the James Webb Space Tele-
scope as the hallmark for our science programs.

So, as you see it, establishing priorities was really, really, really
important. We are adjusting our budget request now so as to sup-
port those priorities, but also to find ways to bring about the nec-
essary expenditure of funds for things like technology development,
without which we can’t realize those three priorities.

So, while SLS/MPCV is critical for exploration, it represents
today state-of-the-art. We can’t go to Mars with the state-of-the-art.
We've got to think out of the box. These three guys behind me have
got to have their people do imaginative things.

What we fly in 2021 when we fly SLS and MPCV on a circum-
lunar mission, or whatever that demonstration flight is, my guess
is, it will not resemble, in many ways, the vehicle that’s flown—
in terms of internal mechanisms and systems, it may be different
from what we fly in 2007—2017. That’s why I say it’s an evolving
program. So

Senator HUTCHISON. Well—

Mr. BOLDEN. Yes.

Senator HUTCHISON.—let me just see if I can make sure I'm un-
derstanding what——

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON.—you’re saying. And that is, are you going
to revisit the 2013 submission? And will it accommodate the num-
bers that you have said we have to have to build the SLS system
mor(‘a? adequately than the submission before our meeting with Mr.
Lew?

Mr. BOLDEN. Senator, I the numbers that are being developed for
the 2013

Senator HUTCHISON. 2013.

Mr. BOLDEN.—budget will adequately support what we have
agreed to as the priorities for NASA and the Nation. So, that’s the
gutl"pose for giving it to you, so that, as I've told you all the time

efore

Senator HUTCHISON. It will be different. It is being revisited. It
can’t be what you

Mr. BOLDEN. We have revisited our budget submission, and that
is in work right now in the Executive Office of the President. The
budget that will come forward from the President in February will
reflect the agreements that have been made between the Adminis-
tration and the Congress as best we can.

Senator HUTCHISON. Well, I'm very hopeful that that is going to
cement our trust relationship, because the original proposal from
last time at $1.3 billion is not going to do it. So, we’ve done the
adjustments on our end in the 2012 budget, and if we are in fact
all going in the same direction, we would expect some accommoda-
tion of that new relationship.

Mr. BOLDEN. Senator, let me make sure that I clarify, make sure
that you understand my statement, because you've made a state-
ment about a specific amount. And I think you know, I’'m not privy
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to discuss specific amounts at this time. But, what I want to em-
phasize to you is that we have developed

Senator HUTCHISON. Well, I'm only putting what’s already been
put out.

Mr. BOLDEN. Yes, ma’am. I'm just saying, you know, we have put
in place a plan for the development of the Space Launch System,
Multi-Purpose Crew Vehicle, commercial crew and cargo, and en-
hancement of the International Space Station and utilization
through 2020, those being among the three top priorities for the
Administration and the Congress.

Our intent is to build a budget that supports that and enables
us to bring those in on the schedule that we presented to you.

Senator HUTCHISON. Mm-hm.

Mr. BOLDEN. So, that is our intent. And hopefully, that, you
know, we’re saying the same thing——

Senator HUTCHISON. But there, the intervening meeting, and,
meeting of the minds, and an intervening appropriations bill that
should have an impact on what you submitted before

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON.—these——

Mr. BOLDEN. I, you know, as you will hear from the Center Di-
rectors, if we are, you know, if today or tomorrow, or whenever it
is that the House is going to vote, if the minibus passes and it is
signed by the President, that is great news for the Nation. It gives
us firm budget numbers to which we can work. It increases the mo-
rale in our workforce, because they now know that theyre not
going to have to wait for 4 weeks, or 8 weeks, or whatever it is

Senator HUTCHISON. Mr. Bolden, I'm in agreement with you on
that.

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON. But, what I'm asking is, is NASA going to
carry forward, and is the OMB and the President’s proposal going
to carry forward what we are passing right now, and not come in
with another drop that forces us to have to rearrange priorities yet
again? That’s my question.

Mr. BOLDEN. Let me see if I can understand the question. Are
you asking about the balance in allocation of funds within the
NASA budget? Are we going to stay exactly where we are now? You
mean, between—for example, commercial crew and SLS/MPCV.
You know, we have a difficult road ahead in SLS/MPCV at the
level of funding that we are right now, mutually agreed to by the
Congress and the White House. But these are very difficult fiscal
times, and we all agree that we had to take very difficult measures.

We think we have put forth a budget that will enable us to
produce a program for exploration. We have a plan in place that
we hope will be able to develop a commercial crew program, com-
mercial crew and cargo, that will sustain our operation and leader-
ship on the International Space Station. And those things, you
know, right now, I think we have put forth a budget that will do
that, and is in compliance with the agreements that you and I
made, and

Senator HUTCHISON. Are you talking about what’s going through
Congress right now as your
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Mr. BOLDEN. No, ma’am. We’re, I thought you were asking me
about the 2013——

Senator HUTCHISON. That’s what, I am.

Mr. BOLDEN.—budget being developed by the Administration.

Senator HUTCHISON. Well, we significantly changed direction
after——

Mr. BOLDEN. Senator, we’re not——

Senator HUTCHISON.—we came to the meeting of the minds
about funding the priorities.

Mr. BOLDEN. Yes.

Senator HUTCHISON. You told us what you had to have, and we
provided it for the SLS.

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON. The commercial crew vehicle system has
never been short-changed by NASA by your administration, but
ShLS has. So, we have now set those priorities, and we’ve agreed to
them——

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON.—with you and Mr. Lew. All I'm trying to
find out, and I'm just wanting a straight answer if possible, is, now
that we have set these priorities and we in Congress have put to-
gether a path forward, you’re not going to backtrack

Mr. BOLDEN. No, ma’am. And I say again, we are going to live
up to the agreement that we made to fund, sufficiently fund a sys-
tem, a Space Launch System and a Multi-Purpose Crew Vehicle
that will enable us to launch a test flight in 2017 uncrewed, and
a crewed flight in 2021, and get to Mars by 2030. And that’s what
I think we mutually agreed to. And that’s what we’re going to do.

I go back to Senator Boozman’s question about what I would do
if I had more money. I don’t have more money. I'm not going to get
more money. So, we will do what is necessary in terms of the allo-
cation of funds so that we do not back off from our commitment to
a Space Launch System that can keep us on track for those target
dates. I hope that’s answering the question.

Senator HUTCHISON. I've gone over my time. And I was hoping
for that, what I think was a straight answer. And I will know for
sure in February, when we do get the President’s budget, that now
that we’ve set this course, that we’re going to stay on the course
that we’re on

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON.—from this day forward, having the,
NASA——

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON.—budget in the minibus——

Mr. BOLDEN. And, Senator

Senator HUTCHISON.—appropriations bill.

Mr. BOLDEN.—I do want to make sure what, you know, that, we,
this is a great news story, where we are right now. And, as I said,
again, you know, the agreement on the priorities

Senator HUTCHISON. It is a great news story.

Mr. BOLDEN. Yes, ma’am.

Senator HUTCHISON. Just tell me we're going to continue——

Mr. BOLDEN. We’re going to continue. Were going to con-
tinue——
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Senator HUTCHISON. Thank you.

Mr. BOLDEN.—the great news story——

Senator HUTCHISON. Thank you——

Mr. BOLDEN.—yes, ma’am.

Senator HUTCHISON.—Mr. Chairman.

Senator NELSON. And, General, that’s asked by a lady who is a
bulldog in the Appropriations Committee, as well as this com-
mittee.

And just to provide a little more subtext to that colloquy between
the two of you: the Administration had originally for the Space
Launch System requested roughly—and I'm rounding—$1.7 billion
for the SLS in Fiscal Year 2012. That ended up being funded at
$1.86 billion in the minibus appropriation. The Administration had
originally requested $916 million for Orion, and that ended up
being funded at $1.2 billion.

Where you are having some heartburn, General Bolden, is that
the President’s request for commercial crew was at $850 million.
That was funded in the Senate Appropriations Bill at $500 million,
but in the House Appropriations bill at $312 million. And so, we
were fortunate to get that up to $406 million, on commercial crew.
And so, that’s the area that we’re going to have to work on——

Mr. BOLDEN. Yes.

Senator NELSON.—because we all agree that we want to stop
paying as quickly as we can to the Russians for the seats to get
to and from the International Space Station. And, that will be re-
visited as we carry on these discussions.

Senator HUTCHISON. Well, that’s true. But, Mr. Chairman, what
concerns me is, the Fiscal Year 2013 budget, that was previously
submitted before we came to these agreements, was $1.3 billion for
the SLS. And that——

Senator NELSON. In 2013.

Senator HUTCHISON. In 2013.

Senator NELSON. Right.

Senator HUTCHISON. Which is completely insupportable if we're
going to stay on the agreed to path, which is what I was trying to
get him to acknowledge, that we weren’t going to shortchange the
SLS in the 2013 budget, because they’re going to have to—if they're
going to keep the agreement, they’re going to have to adjust those
numbers. I know they want more on the commercial side, but not
at the expense of the SLS system, which should have been over-
taken by the agreements that we made in my office 2 months ago.

Senator NELSON. And I think that will resolve itself. And espe-
cially when you consider that the President proposes, and the Con-
gress disposes. And the Congress has spoken with regard to the di-
rection.

I just think that, as a practical matter, next year we all are going
to have to realize the fact that if we want to lessen the time that
we’re going to have to wait for commercial crew going to and from
the Space Station, that that number is going to have to be ad-
dressed. But, where we are right now, in this Senator’s opinion, we
are very fortunate what you and Senator Mikulski did to get that
number up to $406 million.

Senator HUTCHISON. That’s right. But, what I'm trying to do is
suggest to the Administrator that we need to have the support
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from the President in the next submission, so that we aren’t, in the
Appropriations Committee, having to redirect funds.

Senator NELSON. Exactly.

Senator HUTCHISON. And I would be for increasing the commer-
cial. But, I want the President to suggest where we get it, and I
want to make sure it’s not from the SLS.

Senator NELSON. And I hope that this message is getting back
to Jack Lew down at OMB. We got a lot of that done in our meet-
ing that you referenced with the head of OMB. And hopefully,
those agreements are going to continue. But, we’re on a good track.

Senator Rubio.

Senator RuB1O. Thank you.

I wanted to explore the commercial program. Some of the com-
mercial entities, as you know, have expressed concern about the
contracting requirements. I saw testimony in the House by the
folks over at SpaceX. They were talking a little bit about the dif-
ficulties of providing information that’s going to have significant
costs and schedule impacts.

And there was an opinion piece recently run in one of the Florida
papers that actually used the term, NASA saddling the commercial
crew program with costly and schedule-stretching delays created by
complex and onerous contracting methods, and project oversight
practices which themselves add several years to the gap.

So, I think we all understand the need for certification efforts to
ensufe that the vehicles are safe and are ready to fly, particularly
people.

Can you talk to me a little bit about the efforts we’re making to
balance this competing interest between safety, and deliverables
versus the input that we’re getting from the commercial space pro-
viders as far as the contracting? And I think, as you get ready for
the end, the creative design contract, is it going to reflect some of
the comments that we’re hearing from the industry on all these
sorts of things? I mean, just kind of give us an insight into that,
because those complaints are getting a little bit more prevalent.

Mr. BOLDEN. Senator, two of my responsibilities are to live with-
in my budget, and foremost, to ensure the safety of my crews,
whether they’re traveling to and from the International Space Sta-
tion, flying on a NASA airplane, or traveling to Mars. And that is
what I'm dedicated to do.

We understand the input from some of the commercial—prospec-
tive commercial partners. As I mentioned, we put a draft RFP on
the street, a Request for Proposal, which actually was—it probably
was the third iteration of putting things out that we intended to
use as requirements for any vehicle on which NASA personnel fly
to and from the International Space Station, or to Low-Earth Orbit.
So, we have had the commercial partners working with us over the
last 2 years on the development of mutually agreed upon human
rating standards.

We now have had input from the commercial, prospective com-
mercial partners on the Request for Proposal that came from the
draft Request for Proposal. We’ve posted for public consumption all
of the comments that came from the commercial providers, and we
continue to work with them to understand why they think they
cannot work under the guidance of FAR regulation.
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There are certain things that we have to do by law in order to
buy, to purchase goods and services from any vendor. And, I have
to be able to come to this Congress and present numbers that just,
that verify how I have held a contractor accountable for the money
that I give them. If I let them build with no accountability, I don’t
satisfy my fiduciary responsibility as the NASA Administrator. And
I also don’t have a way to hold their feet to the fire and guarantee
that my crews are going to be safe when they go to orbit.

So, I do appreciate the situation, or, the position of the commer-
cial entities. That is not the position of all of our prospective com-
mercial vendors. I've visited with many of them. Most of them will
tell you, they have done fixed-price contracts for the government
for decades. They know how to do it; they’re very comfortable with
it. Their question of us is: we need for you to be very specific in
the requirements up front so that we know what we’re building to.
And that’s what we’re working on right now.

I cannot let a contractor go off and change configuration every
month or week, or whatever it is, without oversight and insight
into that. And I think that’s the debate we’re having with some of
the commercial entities right now.

Senator RUB1I0. OK. And, my second question is much broader,
and it really is—one of the great thrills of my public service was
to be at the State level, when we dealt with space program issues
there, but largely it was about capabilities, you know, providing in-
frastructure and help in that way.

Really, here at the Federal level, what’s exciting about it is, we
get to have a voice in the strategic vision of the program, and I
want to explore that with you for a moment. Because I don’t know
if it’s this simple. But there’s somewhat of a debate over whether
the goals of our space program should be capability-driven versus
destination-driven. And that’s a valid debate. And maybe there’s a
third way.

And T personally lean, I think that you inspire people when you
say, “We're going to do this.” And maybe there’s a way to marry
the two. As I mentioned to you earlier, my daughter asked why we
don’t fly to the moon anymore. And it’s a lot easier to, I think, get
kids excited about, we're going to certain places, President Ken-
nedy did, versus, you know, the other methodology that may be out
there. And, as I said, maybe there’s a third way, or a way to com-
plement both of those.

Just share with me a little bit—I know it’s the first time we've
got to interact in a committee meeting like this—your vision—
maybe there’s a way to marry the two—but, how do we get people
excited about space?

Mr. BOLDEN. I think people are excited about space. And it’s
generational, to be quite honest with you.

Let me first of all say, destination versus capability is not binary.
It’s not either/or. If we don’t have a destination, we don’t know
what capabilities we need. We are a capabilities, we are putting in
place a capabilities- driven program because we have decided—the
President has told us, and Congress agrees—our destination, our
ultimate destination for humans is Mars. I can’t say that any more
clearly. The ultimate destination for humans who travel with
NASA is Mars. And our timeline for that is the 2030s.
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So, we have a place to which we’re going; we have a time in
which we want to get there. If we were to take ourselves back in
time when President Kennedy spoke at Rice University, he said,
“By the end of this decade, I want humans to be safely, to be taken
safely to, and return from, the moon.” He didn’t say, July 29, or
19, or, you know, August, or anything. He said, “Before the end of
the decade, I want them to go to the Moon.”

President Obama has said, “OK, guys, in the 2030s I want you
to have humans capable of going to Mars with the intention of
landing there.” So, that’s our destination.

We don’t have the technological capability to get humans there
safely right now—at least, we don’t know that we have that capa-
bility. And so, that’s why we’re doing a lot of things right now. We
just tested the J2X engine, which is the upper stage engine for
SLS. A full duration test on the upper stage engine at the Stennis
Space Center.

We have the MLP, the—you've got to had a launch pad on which
this things sits. It just went through rollout, and it’s out at Launch
Complex 39B right now going through some tests. That’s necessary.
We tested DM-3, which is the five-segment solid rocket motor.
That has been through a fully successful test.

So, we’re incrementally going along, developing the capabilities
that we need. That’s what makes it capabilities driven. We’re going
to give them to you incrementally, but that’s—and it has to be
within the budget. That’s the hard part for all of us, is to live with-
in the constraints of the budget and get where we’re going:

Senator RUBIO. And now, describe—because I'm out of time, too.
But just say, on the budget part of it, one of the competing inter-
ests we have is, you go out there, people argue, well, should we be
spending this money on this with all these other needs that we
have? I think one of the ways you justify that is, we get people—
and I think we need to do a better job here in the Senate and the
Congress—of getting people excited about that destination; of cre-
ating a national goal that we all talk about with our kids. I mean,
I'd like to see it being discussed at, by the time you're my age, with
our kids, America is going to land on the surface of Mars and re-
turn, and this is why it’s in our national interest to do it. And, I
think it’s incumbent upon us who are in public service to create a
level of excitement, and broad public awareness that the United
States is working on big, exciting things like a landing on the sur-
face of Mars.

And so, we should talk in the future about how we explore that.
Because I really, really think that that can be a catalyst, not just
for our space program, but it can be a catalyst for getting kids ex-
cited about science and math, and being a part of that endeavor
itself.

So, thank you.

Mr. BOLDEN. We made an effort just the other day to help keep
people excited when we announced the start of the recruitment
process for the Class of 2013 of astronauts. That’s a big deal. You
know, there are kids who have been told, if they look at the media,
that NASA’s Human Spaceflight Program is over. I don’t recruit as-
tronauts if I'm not intending to fly them.
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Senator RUBIO. Yes. But the people that might walk on the sur-
face of Mars are probably in high school, could be right now.

Mr. BOLDEN. That is very true. And I hope that they want to as-
pire like the son of, the 4-year-old son of the President of El Sal-
vador, you know. That’s where we're going. And kids are excited
about that. And that, we intend to keep that excitement.

Senator RuB10. Thank you.

Senator NELSON. Senator Rubio, as part of your question, I think
it’s worth noting that Senators Hutchison and Mikulski enabled an
increase on the exploration research and development from the
President’s request of $288 million up to $304 million. And this is
exactly what you were hitting at—developing the new technologies
that we have to develop if we're going to Mars.

And so, my compliments, again, to the Senators. And I might
point out that this is a discussion about the human space program.
But I hasten to add that the first A in NASA is Aeronautics, and
for aeronautics, the President’s request was $569 million, and the
appropriations level is $569 million.

So, we have that going. And, of course, that’s an extremely im-
portant program, because that involves all of us right here, day to
day, in our aviation activities.

General T'll just wrap up here, just asking you to comment for
the record on, a lot of these, flesh out the near-term missions. And
you, in a colloquy with Senator Hutchison and Senator Rubio,
started talking about the question of, do we go to the asteroid? Do
we go back to the moon first? And, in your answer, this is going
to involve international partners, because we’re not going to do this
alone. And how is the collaboration with the international part-
ners? How is it likely to influence the determination on our way
to Mars, that we should do this, or that mission?

Mr. BOLDEN. Senator, we cannot do it alone, as you said. And the
international collaboration in everything we do is critical. If [—and
I'm, I will talk too long. But I—Senator Glenn got my attention the
other night when we had the Apollo 11 crew and Senator Glenn
over at headquarters, briefing them on where we are today, to just
bring them up to speed.

And, he made a very insightful comment to me. He said, “You
know, I like everything you're talking about, but you're talking too
much about exploration, and you’re not talking about the Inter-
national Space Station. And you need to make sure that everybody
understands that you can’t explore if we don’t utilize effectively the
International Space Station.”

And I come around to that because we don’t have a binary sys-
tem. We have to have aeronautics, or we can’t land on Mars, be-
cause it’s hypersonic flight. We have to have a way to get to the
International Space Station, or we can’t do the capabilities and the
technology development that’s going to go into the ultimate heavy
lift launch vehicle and Multi-Purpose Crew Vehicle.

The way we are going to get there, unless I pay the Russians
$460 million a year, is through American entities. And so, they all
tie together inextricably. And I've got to do a better job of explain-
ing that.

This is not a competition between commercial space and explo-
ration. It’s a collaboration. Our international partners will leave us



28

if we don’t get our act together and demonstrate to them that we
can be disciplined, and we can develop collaborative programs that
will help humans reach to these destinations that everybody wants
to go.

You know, we're doing well. We are still the acknowledged leader
in the world in exploration. I watched President de Kirchner from
Argentina when we were there visiting a couple of weeks ago, when
we showed her the results from the Aquarius/SAC-D mission. It’s
an Argentine mission that, we built the satellite and launched it
for them out of Vandenberg about a month ago. It’s already bring-
ing data on salinity in the oceans of the world. I mean, she was
like a kid in a candy store. She almost climbed up on the table
looking at the charts about ocean salinity, saying, what does this
mean for my nation? What does this mean for me as a leader?
What do I need to do? The President asks those same questions
when we bring him things. You all ask us those questions fre-
quently.

We have got to, though, we have to have international coopera-
tion and collaboration, or else we can’t get there.

Senator NELSON. Is there a preference in the international com-
munity that they’re expressing, to go back to the moon, as opposed,
first going to the asteroid?

Mr. BOLDEN. The international community mirrors the sentiment
in the United States. Everybody says Mars is the ultimate destina-
tion.

You've heard this term, flexible path. I don’t know whether it’s
50 percent or 30 percent or what. Some of the international part-
ners want to go to the moon because they have interest, and they
have expertise to get there. And they don’t have any interest in an
asteroid.

Many of them want to go to an asteroid, and they want to do it
right now, because that’s where their expertise lies. If their remote,
if their remote sensing, if their forte is remote sensing, they want
to go to asteroids. If their forte is resource development, they want
to go to the moon. So, it depends on, you know, what it is that’s
in their best interest.

Everybody wants to go to Mars. And everyone is coming together
to go to Mars. And we need to make sure that we pay attention
to what’s going on offshore, because everybody else is moving
steadily together. And we don’t want to be left behind.

Senator Hutchison, you're absolutely right: It is essential that we
keep the pace of the heavy lift launch vehicle and MPCV going.
But, my challenge is to work with the Congress and the Adminis-
tration to make sure that we don’t fall behind, because we can’t ef-
fectively utilize the International Space Station and maintain our
leadership there. It’s a challenge but we can do it.

Senator NELSON. And, since everybody’s hitched up to the goal
of going to Mars, one of the things that you’re going to have to do
is develop a whole bunch of new technologies.

Mr. BOLDEN. Yes.

Senator NELSON. And, of course, I often think that if we can
sprint to Mars in 39 days with Dr. Franklin Chang-Diaz’s plasma
rocket instead of taking 9 to 10 months. That’s a game changer
right there. And that’s a technology that’s being developed. So, who
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knows by the time we’re ready to go to Mars, what the new tech-
nologies are going to be?

Mr. BOLDEN. Yes.

Senator NELSON. OK.

Senator HUTCHISON. Could I just

Senator NELSON. Yes. Please.

Senator HUTCHISON.—add one thing? And that is, we, none of us
have talked about the President may be setting a priority that
would rearrange some of the other scientific technology budgets to
assure that we can do all of the three priorities that we have
agreed are on our agreed list.

Mr. BOLDEN. Senator, that’s one, when I talk about prioritiza-
tion, that’s exactly what we’re doing. The delicate balance, you
know, that we play at NASA is that we have constituents who all
have very important things. And as I said, this is not an either-
or. You know, there are science imperatives that we have to be able
to satisfy if we're going to go to Mars. And you may think they're
not significant.

We just launched NPP, which was a developmental satellite for
us that is now an operational weather satellite. I've got to have
that. If I don’t know, you know, if I don’t have effective weather
satellites, I can’t launch. It, it’s just, I, there’s nothing, you know,
no capability that we can drop off the table.

Now, we can drop off individual programs and projects, and
that’s what we’re looking at right now. That’s the prioritization
that we're talking about. How do we accomplish the critical goals
and objectives, but do it with less? You know, how do we synergize
human spaceflight with robotic spaceflight? How do we synergize
a scientific mission with a human spaceflight need that, you
know—and those are what we call precursors.

Every time we launch, we’re trying to make life better here on
earth. And it doesn’t make any difference what that satellite is
going to do, what it’s stated purpose is. Almost every satellite that
we launch in one way or another makes life better here on earth.
And that’s what we, that’s the imperative that I ask our folk to al-
ways keep in mind. What benefit is this going to bring to earth,
no matter what it’s doing?

Senator HUTCHISON. Well, I'm suggesting that the President also
has options, not within the NASA budget, but arranging the prior-
ities between NASA and some other scientific priorities, and deter-
mining which are the most important. That’s an option that hasn’t,
you know, been talked about today that I want to also have on the
table. Thank you.

Mr. BOLDEN. Thank you, ma’am.

Senator NELSON. Senator Warner.

STATEMENT OF HON. MARK WARNER,
U.S. SENATOR FROM VIRGINIA

Senator WARNER. Thank you, Mr. Chairman. And I know time is
short on the first panel, and I appreciate the courtesy of getting a
chance to ask the Administrator, at least, I've got a series of ques-
tions I'd like to submit for the record. I'll just ask him one.
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And I again want to thank the Administrator for coming to my
state, Virginia, the other night and speaking so well at the North-
ern Virginia Technology Council.

You know, I want to talk a little bit about, you know, some of
the opportunities and plans you might have for continued develop-
ment at Wallops Island we share with Maryland, a facility that has
greatly grown and has wonderful, wonderful potential. And I would
like your comments on NASA’s future at Wallops, and where you
think it might be headed.

I also want to at least note that I know this area has probably
already been covered, but I will have a number of other questions
in terms of my continued support for commercial space activities on
the private sector side, and the growth of that opportunity; and,
again, the partnership with NASA. And I know those subjects have
been covered somewhat, but I want to get my two cents in on
those, as well.

But, if you could speak to some of the developments at Wallops.

Mr. BOLDEN. Sir, specifically, with relation to Wallops, the senior
director, or, the Facility Director out there, Bill O’Dell, is working
diligently with Orbital Sciences and with MARS, an organization
that you know. Our challenge there is completing the launch pad
for Taurus II for the Orbital Sciences company, so that they can
get off their two demonstration flights for us as early as possible
next year in the COTS program, the commercial, our demonstra-
tion of their ability to get things to orbit. That’s a very high pri-
ority for us right now, so we continue to do that.

Wallops is, it’s a, I always tell people, it’s sort of like Stennis—
it’s a federal city. Wallops has many agencies that are there. It is
our primary domestic balloon launch facility—and I'm not talking
about a party balloon, either. We're talking about balloons that are
blocks long, that we take down to the Antarctic and launch, and
they stay in, over the South Pole, or go up to the North Pole and
stay for months at a time. So, Wallops plays a vital role in every-
thing that we do in science, as well as in our exploration, and serv-
icing of the International Space Station.

Senator WARNER. Thank you, Mr. Administrator.

Mr. Chairman, since I was late, I will defer all my other ques-
tions for the record in respect to you and the other colleagues on
the second panel.

Senator NELSON. Thank you, Senator Warner.

General Bolden, thank you very much.

May I invite up the second panel. I introduced this panel pre-
viously.

We'll start in the order alphabetically and thank all three of
you—Bob Cabana, Mike Coats and Robert Lightfoot.

Director Cabana.

STATEMENT OF ROBERT D. CABANA, DIRECTOR,
KENNEDY SPACE CENTER, NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
Mr. CaBANA. Senator Nelson, Ranking Member Boozman, and

members of the Committee, thank you for inviting me to be here
today.
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I'm pleased to provide a status of ongoing work at the Kennedy
Space Center. But first I'd like to thank all of you for your hard
work toward providing a budget for NASA in 2012.

KSC successfully made it through an extremely challenging tran-
sition this past year, as we safely completed the last shuttle mis-
sion and continued our preparations to support both NASA’s explo-
ration program, as well as commercial operations from the Cape.
This would not have been possible without the extremely talented
and dedicated workforce at KSC that deserves our very best.

As we transition to the future, we've focused on providing a
strong institutional core that is more efficient, cost effective, and
capable of supporting multiple programs. Key steps in making this
happen include reducing our footprint, and replacing aging infra-
structure with greener technologies; partnering with Federal, state
and commercial entities; and reorganizing our workforce to better
support future operations.

To facilitate collaboration and partnerships, we established the
Center’s Planning and Development Office to focus on commercial
agreements. These agreements take advantage of KSC facilities
that are excess following the shuttle, and are not required for our
future space launch system. To date, this office has approximately
80 agreements in various stages of discussion and signature. The
most notable agreement between Space Florida and KSC allows the
use of the orbiter processing facility and the engine shop for com-
mercial operations.

We've also made significant progress in preparing for the Space
Launch System and the Orion Multi-Purpose Crew Vehicle. Pad
39B has been cleared of all shuttle infrastructure and is under-
going a modernization that includes a state-of-the-art lightening
protection system, digital control systems, a refurbished propellant
distribution system, and a fiberoptic data transmission capability.

In the operations in checkout high bay, hardware is already ar-
riving to support assembly of the Orion test vehicle, currently
scheduled for launch in 2014.

The Commercial Crew Program was established at KSC this
year, and in partnership with JSC and other NASA centers, it’s
moving forward to contract for a commercial capability to provide
our crews with transportation to the International Space Station.
This will relieve us of our dependence on our Russian partners, and
allow us to focus our energy on exploration beyond our home plan-
et.

Our 21st Century Ground Systems Program is working to build
a true multiuser launch complex. Investments in 21st Century
focus on development of the ground systems that not only support
the Space Launch System and Multi-Purpose Crew Vehicle, but
provide a common infrastructure for other government and com-
mercial users.

Finally, the Launch Services Program at KSC continues to pro-
vide the bridge to space for NASA’s science missions by procuring
and managing commercial launch services and providing payload
processing for final launch preparations. Next week, well be
launching the Mars Science Lab from the Cape on November 25th.

The Kennedy Space Center is moving forward. The potential ex-
ists for a revitalization of Florida’s Space Coast through further de-
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velopment of the 21st Century Ground Systems Program, the
growth of commercial crew services, and continued accomplish-
ments of the Launch Services Program. We are committed to the
success of these programs and the success of NASA’s future explo-
ration in space.

I'd like to thank the Committee for this opportunity to share the
bright future of the Kennedy Space Center and the Space Coast.
We value your continued support and your confidence in our abili-
ties to serve as the launch complex for America’s ambitions in
space.

Thank you.

Senator NELSON. Thank you.

Director Coats.

STATEMENT OF MICHAEL L. COATS, DIRECTOR,
JOHNSON SPACE CENTER, NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Mr. CoATS. Good morning, Chairman Nelson, Ranking Member
Boozman, and members of the Committee.

I'm privileged today to be here and to be representing the John-
son Space Center. JSC continues to play a leadership role in
human spaceflight design, development, operations and training, as
well as human health and performance, orbital debris analysis, and
curation of astromaterials. JSC continues to focus on safely oper-
ating, utilizing and maintaining the International Space Station as
a National Laboratory asset.

After the successful launch and docking of the Soyuz vehicle, we
welcomed the three new crew members onboard the ISS on Tues-
day. They will maintain the continuous 1l-year uninterrupted
human presence onboard. We are enhancing ISS capabilities for
both research and technology, and also beginning the use of the
Space Station as a test bed for deep space engineering demonstra-
tions, further building upon our partnership of five space agencies
and 15 countries.

We are very proud of our leadership role in the development of
the Orion Multi-Purpose Crew Vehicle—a spacecraft that will carry
astronauts to new destinations beyond Low-Earth Orbit and will
continue to build upon the research and expertise of the Human
Research Program to create next generation systems to sustain hu-
mans in space.

The Orion program is working to make this vehicle affordable
and able to meet budget and schedule requirements. As part of
that effort, NASA is finalizing Orion’s flight test strategy so that
flight tests can focus on high risk items earlier in the development
cycle, when it costs less to change them.

JSC has been working closely with other NASA centers on pro-
gram-to-program integration to ensure safe and successful flight.
JSC has taken an active role in the Advanced Exploration Systems
Program—a portfolio of projects that target near-term demonstra-
tion of the most critical technical challenges for human exploration
beyond Low-Earth Orbit. These projects are aligned with overall
agency exploration policy as defined by the NASA’s Technology
Roadmaps and existing program needs.
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Finally, JSC is pursuing many collaborative efforts with partners
to further innovative strategies for problem solving, to accelerate
research and development, and deliver products effectively and effi-
ciently to ensure NASA’s leadership in human spaceflight into the
future.

Thank you again to the Committee for the opportunity to speak
with you today, and I welcome any questions you might have.

Senator NELSON. Thank you.

Director Lightfoot.

STATEMENT OF ROBERT M. LIGHTFOOT, DIRECTOR,
MARSHALL SPACE FLIGHT CENTER, NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Mr. LiGHTFOOT. Good morning. And thank you, Mr. Chairman
and members of the Subcommittee. I appreciate the opportunity to
speak with you today and talk about Marshall Space Flight Center,
and what we do for NASA and the Nation.

Marshall has served this Nation in space exploration and science
and technology development for more than 50 years. We support
NASA in the areas of propulsion and space transportation, systems
for living and working in space, and in the science and technology
for helping us understand the earth and the universe.

The Marshall of today is responding to NASA’s new funding and
programmatic environment by reorganizing and downsizing to be-
come more affordable, adaptable and relevant to the Nation’s
needs, while retaining the capabilities we think we bring to the Na-
tion as a center.

Nowhere at Marshall are our historic strengths and our response
to today’s new realities more evident than in the Space Launch
System, or SLS. NASA has selected a vehicle architecture that de-
livers more performance than the Saturn V, at less cost than the
annual budget of the space shuttle.

As SLS evolves from a 70-metric-ton initial payload to its ulti-
mate payload of 130 metric tons, we've inserted competitive oppor-
tunities for advanced technologies that will deliver affordable per-
formance. The SLS plan meets the Agency Affordability Goals in
several key ways: We have streamlined the SLS programs and
processes, and we're also using proven hardware left to us by the
Shuttle Program and the Constellation Program that are already
in place and well on their way through the development process.

Through these and other initiatives, we expect to flatten the
funding curve typical of most development programs and live with-
in the means we’ve been provided.

While SLS is an important part of our work at Marshall, it’s only
one part of our diverse portfolio. Our engineers and scientists con-
tinue to support the International Space Station by running the
Payload Operations Center, where all payload operations run
through our center at Marshall.

We also support the environmental control and life support sys-
tems that are on the Space Station and will be used in the future.

We're also excited about our efforts in supporting the Office of
the Chief Technologist, where we do technology initiatives that
they have planned. We'’re also working to enable the commercial
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providers as well, as we do, as they move forward. And we have
some key roles we play in the Agency science portfolio.

At Marshall, we're excited about the path forward for the Agen-
cy, and we look forward to the new opportunities and the chal-
lenges that will bring. But we understand the challenges you guys
face as well in Congress. And so, to that means, we've already
taken steps to become more affordable and more adaptive as we
move forward.

I appreciate the chance to speak with you today. Thank you for
what you’ve done to support NASA. And I'll look forward to your
questions.

Senator NELSON. Senator Boozman. You need to go first. If you
need to leave—Senator Hutchison?

Senator BOOZMAN. Let me go ahead and yield my time now to
Senator Hutchison.

Senator NELSON. Sure. All right.

Senator Hutchison.

Senator HUTCHISON. OK. Well, thank you very much. Because 1
do have another appointment. That would be great.

I want to ask generally, each of you, how you've restructured
your workforce organizations to support the exploration efforts, the
International Space Station efforts, and the commercial resupply
and crew programs. Obviously, we've talked a lot already about
going forward with both the commercial trajectory as well as Orion
and SLS.

How are you accommodating your workforces and the downsizing
that all of you have had to do, and to assure that you are sup-
porting the joint goals that we have talked about, that we all have
with those priorities?

Mr. Coarts. Well, Senator, I'll be frank. It’s been a difficult couple
of years for the workforce—amazing workforce—at the Johnson
Space Center. We have had two major programs come to an end—
the Shuttle Program and the Constellation Program—and we’ve
laid off about 3,500 people, about 20 percent of our workforce at the
Johnson Space Center.

But, I've got a team down there—and I know Bob and Robert do,
too—really talented and dedicated people. They're awfully proud of
their history. I can’t be more proud of how they handled the last
two shuttle missions, knowing a lot of them were going to be laid
off. They finished final assembly of the Space Station, and it was
as smooth and seamless as you could have asked for.

But this team wants to look forward. As one young lady told me,
“We're awfully proud of our history, but we’d like to go make some
history of our own out there.” The team wants direction; they want
support from the country; they’re anxious to get started.

So, we have tried very hard to transition the team off of the
Shuttle Program, off the Constellation Program, on to the new
things we’re working on, including the Space Station, of course.
And I think it’s going reasonably well. They’re excited—frankly,
they’re excited about the Authorization Act we had last year. The
seemingly endless series of continuing resolutions—hopefully, the
minibus bill will bring that to an end. They’re excited about that.
Having direction, having support from Congress and the Adminis-
tration means an awful lot to the team down there.
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They're excited about working on MPCV. When Charlie an-
nounced we were going to continue the Orion MPCV back in May,
that was a huge deal at the Johnson Space Center. Extending the
International Space Station to 2020 and beyond was a big deal
down there. They're excited about that, and the things that we're
doing on the International Space Station—not only the experi-
ments, 150 experiments or so that we’re running at any one time,
but the test bed aspect of the Space Station and how important it
ii for exploration. That is very, very important to the team down
there.

We'’re working on the new technologies, as Senator Nelson talked
about how important that is for exploration. So, the team is looking
ahead; they’re excited; they’re proud of their past; but theyre anx-
ious to make the next 50 years just as successful as the last 50
years.

Senator HUTCHISON. Thank you.

And, Director Cabana?

Mr. CABANA. Senator, I think the biggest change to KSC is, KSC
has always been dependent on large single-government programs
in the past, and we really are kind of transitioned to be this multi-
user spaceport of the future.

Senator HUTCHISON. Mm-hm.

Mr. CaBANA. And we're making that happen. When the shuttle
landed, I mean, the team just performed flawlessly right up to that
last mission. And it was really hard. In July, after Atlantis landed,
the very next day, 2,500 more people walked out the door. The
Constellation team, when the program was canceled, there was a
huge disappointment. But that team now is transitioned into the
21st Century program, and they are excited about making KSC a
true multi- user spaceport that supports not only our Space Launch
System, but also commercial operations from the Cape and how
that can happen.

We've tried to make a strong engineering team that doesn’t sup-
port, you know, it was embedded within the Shuttle Program. Now
it’s going to be an engineering team that can support multiple pro-
grams.

So, I think, that’s the biggest change. What I've noticed lately is,
having a clear path forward, and now the funding to execute that
plan, it’s been a huge boost to the team. They are ready to move
out and make this happen. And that’s, I can’t say enough good
things about them. If you point them in the right direction and give
them the tools and resources to get the job done, they’re going to
make it happen.

So, I think we’re turning the corner. I think we’re building to-
ward the future, and folks are excited about making it happen.

Senator HUTCHISON. Mr. Lightfoot?

Mr. LIGHTFOOT. I think that for Marshall Space Flight Center,
having just the direction and the plan to go forward has been a big
key for us, getting past that uncertainty.

But one of the things that—and I agree with everything that
Mike and Bob have said about what we’re trying to do from an
Agency standpoint—but, one of the things that we did early on, I
think, as a team—not at our centers, but as a group of center direc-
tors—is, we decided that we needed to stay in contact. It’s very
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easy in a time of uncertainty to circle the wagons and, you know,
become Marshall, Johnson and Kennedy. But we decided early on
in this that we were going to stick together and make sure we were
talking on a pretty routine basis.

And we tried to transfer that on to our teams as well. I have two
great colleagues here. I have 10 great colleagues overall. But these
two guys have stuck by me, and we've stuck with each other
through all this process, and make sure we’re talking and commu-
nicating as much as we can. And I think that’s been critical for our
workforce to see that. And it’s been one of the biggest things that’s
got us through this transition.

And now I think it’s one of the things that’s been the impetus
to allow us to be ready to move forward.

Senator HUTCHISON. That’s very positive. And I'm glad to hear
you say that, because the sharing, obviously, is going to create effi-
ciency. So, that’s good news. And I just hope that we will be able
to continue to utilize the great workforces that you have, accommo-
dating to the new needs and the new challenges that we’re all fac-
ing to achieve these goals that we've suggested.

So, thank you very much.

Thank you, Mr. Chairman.

Senator NELSON. That is good news, a good positive direction.

And, Senator, in response to your question to Director Cabana,
would you further flesh out the fact that in this budget that Sen-
ator Hutchison and Senator Mikulski passed, that for the mod-
ernizations, for you to re-do the ground facilities to accommodate
these new rockets, plus the 21st century, you're looking at funds
available up to $484 million in this fiscal year, in this appropria-
tions budget.

Mr. CABANA. Yes, sir. And I think that’s really important. The
$316 million that comes from SLS toward 21st Century, that’s
money that’s going to go into Launch Complex 39 that directly sup-
ports preparing that launch complex to support the heavy lift rock-
et. The additional $168 million that has come to 21st Century,
we're using that in conjunction with the other money. The modi-
fications that we’re making, we have to make them to support SLS.

And T'd like to bring out, if we look back on the Constellation
money, while we were under the continuing resolution, we did not,
that money was not wasted. All the Constellation money that came
to KSC we specifically said, what can we do that’s generic to pre-
pare Launch Complex 39 for the future, for commercial and for a
heavy lift rocket coming, so that it wasn’t specific, but it still made
progress toward preparing for the heavy lift rocket? So, I think it’s
critical that those funds are used properly. And we are making
sure that we support SLS.

To go back to the Senator’s question and comment on what Rob-
ert said about us working together, one of the largest problems
with a big program like this is the integration of it. And we have
downsized our programs so that they are less intensive as far as
the number of personnel is concerned, so that they are less costly.
But having the crew vehicle at Johnson, the rocket at Marshall,
and the launch complex at KSC, we are working together. I think
our teams that, each project program manager at each of those
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three centers, work very closely with each other, and with us as we
prepare, you know, the O&C High Bay for Orion coming together.

So, I think it’s really important, it’s critical, that we do work to-
gether, and we are utilizing those funds to the most efficient man-
ner that we can.

Senator HUTCHISON. Thank you.

Senator NELSON. Thank you, Senator.

Senator Boozman.

Senator BoozZMAN. Thank you, Mr. Chair.

With your permission, I think Senator Rubio has to go.

Senator NELSON. Sure.

Senator RUBIO. And I apologize. I have an 11:45 engagement.

Good morning. And thank you for being a part of this.

Director Cabana, I wanted to actually just—and I think you've
touched upon it in your opening statement and your answer to
some of the other questions—just to elaborate some more on what
we're doing at Kennedy Space Center to help with the transition
from the Shuttle Program, particularly the, you know, how we'’re
identifying uses for some of the facilities that are no longer needed
in support of the shuttle operation; how we’re helping transition
people; some of the good news that we’ve had recently about people
coming in; that sort of thing.

Mr. CABANA. Sure. Approximately a year ago we went out with
a notice of availability on facilities at Kennedy Space Center. As a
result of that, we had a lot of interest from commercial companies
coming to work at KSC.

As we transition from the shuttle, this excess capacity that we
have—not only in personnel, which is our key, but in facilities—you
know, we have to, I can’t maintain them. I'm, with the reduced
budgets that we have, I do not have the money for the maintenance
and operations of these facilities. We don’t have the money to tear
them down even. They’d just be sitting idle, falling apart.

But we do have commercial companies that are interested in uti-
lizing them. And I think our partnerships are going to be the key
to the future, to make sure that we capitalize on these assets and
that they don’t go to waste.

So, if we have no definitive use for them to support the Space
Launch System, we are looking for commercial companies to come
in. And the best partnership that we have has been through the
State of Florida and Space Florida. It has worked extremely well
to allow them, through a use agreement, to take over OPF-3 and
make it available for commercial operations. They in turn are leas-
ing it, this first model, to the Boeing Company for the assembly
and processing of the CST-100 capsule.

As OPF-1 and 2 have become available, we have other folks that
are interested in bringing work to those facilities also. We’re mak-
ing sure that the work we bring in supports NASA’s mission and
commercial operations at the Cape—commercial space operations,
not just anybody.

So, it’s a long process. It’s much more difficult than I thought,
to get all the agreements in place to make it happen. But, having
this first model now, I think it will be easier as we move forward
in the future.

Senator NELSON. Senator Boozman.
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Senator BoozMAN. Thank you, Mr. Chairman.

I want to thank all of you all for being here, and thank you for
your hard work. You’ve had a very difficult job the last few years.

I had the opportunity to be down to try and watch one of the
launches, and it was scrubbed, but it was still really good being
there.

I know the most difficult times in my life have been where you
don’t know where you’re at. And this has been very difficult for
yourselves, your employees that have worked so hard, and really
made a program that has identified the United States throughout
the whole world. So, we can be very proud of that. Hopefully, we're
starting to have some reassurance, some continuity to the program,
so that that will settle down. But, again, we appreciate all that
you're doing, and have done through a very difficult time.

I've just got a couple things. And then I have a couple things
that I'll submit for the record.

Senator BOOZMAN. Mr. Coats, in Mr. Bolden’s testimony, he dis-
cusses an exploration flight test that I asked about. Can you de-
scribe in a little bit more detail, about the test, its primary goals,
the benefits that we’ll get from that, and how beneficial to the
JSC?

Mr. CoATs. Senator, one of the things we've learned, that I've
learned in 33 years in this space business in one role or another—
and Bob and I certainly learned it as test pilots—the earlier you
can test things and discover problems, the more money you’re going
to save down the line. So, having an early flight test has always
been one of the options, and one of the important priorities for us.

I think several things came together to make what we call, we're
calling now the Exploration Test Flight-1 much more feasible. I
think, getting some agreement between Congress and the President
and the Administration on the direction of the space program; hav-
ing some certainty in the budget and so forth has made EFT-1
much more viable. We've still got a long ways to go. We've got the
find about $163 million in the MPCV budget to pay for that. But,
if we can fly the EFT-1 flight in 2014, I think we’ll mitigate the
risk down the line, and the costs of the program, tremendously.

Of course, the difference you need to understand between Low-
Earth Orbit, being in orbit in Low-Earth Orbit and coming back
from deep space is, we’ve got much higher speed entry. So, it’s not
quite the same as coming back. So, if we can do an EFT-1—we're
not going to go into deep space, but we’re going to go way out there
and come back in, a high speed entry, which will test a lot of the
things that we can’t test with a normal LEO reentry out there.

We need a heavy lift rocket, a Delta IV rocket, and we got a pret-
ty reasonable deal, I think, from a contractor on that rocket. So if
we can use that to lift the vehicle way out into space and bring it
back, we can test the reentry capabilities.

There are 16 items that we have on our high-risk list, if you will.
We'll test 10 of those on EFT-1. And I think that’s very, very im-
portant. If we can pull that off in 2014 and find the money to do
that, we’re going to save a lot of money down the line. We're hoping
then 2 years later to have an abort test as well. And that’s, I think,
a pretty reasonable program. It’s obviously going to depend on
what the budget is in the out years and so forth. But, that’s, we're
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pretty excited about having EFT-1. Charlie approved that, and
that has got us pretty pumped up.

Mr. CABANA. And, Senator, if I could add to his comments also—
it will allow us, the recovery folks at KSC, the launch and recovery
folks down there that will be retrieving this vehicle, to develop the
procedures that they need to recover it, and it will prepare them
better for the future also.

Senator BOOZMAN. Good. Very good. Thank you very much.
That’s very helpful.

Senator NELSON. I just want to underscore what you all said, be-
cause a lot of people miss the significance of this in all the detail.

We're talking about a test flight of the Orion capsule that is for
the big rocket. And this test flight will go in two Fiscal Years.
We're in Fiscal Year 2012 right now, and we’re talking about Fiscal
Year 2014 for this test. And for those who are concerned about
launching rockets down at the Space Center, in addition to what’s
going on with the commercial rockets, then we’re talking about the
big rocket, developmental program and test program, starting as
early as 2 years from now.

So, thank you for bringing that clarity to this issue.

What obstacles do you think there are on future partnerships
that you all have talked about? For example, Mr. Cabana, you
talked about Space Florida, the Boeing company utilizing the Or-
biter Processing Facility number 3.

Do you see any legal obstacles or other obstacles in the future
partnerships? As you were saying, you've got two more OPFs. You'd
like to utilize those, instead of them just sitting there.

Mr. CABANA. Yes, sir. It’s going to be a challenge, Senator. When
we have a single facility that we can turn over to someone to use,
it’s much easier than if we have a joint use facility. If we're truly
going to make the Kennedy Space Center Launch Complex 39 a
multiuser spaceport, where we run into issues is when we have a
government program and a commercial program, for example, both
operating out of the vehicle assembly building, rolling out to the
pad, and we get into cross-waivers, the liability, and who’s respon-
sible, and how much do you pay?

When you turn a facility over, it’s pretty clear what the O&M
costs on that facility are. When you have joint use of a facility and
somebody’s only in there a small portion of the time, for example,
how do you charge their fair share?

But, I don’t see any obstacles that we can’t work through. We're
making progress. Nothing is ever easy. But, you know, we are
going to make it work. So, we’ll figure it out as we go. I promise
you, if issues come up that we need help on, we'll make sure that
we go to the right folks to get that help, sir.

Mr. LIGHTFOOT. And, Senator, I would add that, you know, the
Michoud Assembly Facility down in New Orleans is part of the
Marshall Space Flight Center, and we’ve been going to the, similar
efforts in bringing folks in to use Michoud to help lower our costs
as an agency.

And it is, sometimes it can be difficult to make sure we’re doing
the right thing and bringing the right folks in to maintain that ca-
pability. But, we’re all kind of learning from each other as we go
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through these processes to make sure we get the right tenants in
to utilize those facilities and share those costs.

Senator NELSON. Mr. Lightfoot, as we develop this big rocket
that we’re referring to here as the SLS, can you elaborate on what
other uses there might be for the SLS vehicle beyond NASA’s
Human Exploration Program? How much of a priority is it for you
to find other users of the SLS?

Mr. LicHTFOOT. Well, we, as an Agency, are talking about that
now. We have a couple teams in place that are looking at other
missions that the rocket could do. And it’s more than the lift capa-
bility. It’s a lot to do with the volume. This is going to be a large
volume as well in the payload area.

We've talked to, we are continuing to——

Senator NELSON. Describe that for the people that are listening
in the audience on television right now. How big—take, for exam-
ple, what’s the diameter of the current, let’s say, the commercial
rockets? And then, describe the diameter of the big rocket.

Mr. LIGHTFOOT. I don’t have the commercial ones in the top of
my head. We can get you that for the record.

[The information on the rockets follow:]

@’ Shroud Comparison 0;@%>

™

Delta IV HLV Atlas V HLV
Usable Volume (ft?) 8,244 8,244
Diameter (ft) Fairing/Core 16.4/16.4 16.4/12.5 27.6/27.6
LEO Payload (mt) 23-25 29 70/105/130
Liftoff Thrust (M-Ibf) 1.95 2.58 8.29

But, I know the big rocket, I believe most of them are 5 and a
half meters, 18 feet. It’s the largest—we’re talking 27 and a half
foot in our first version, and a potential to go to 33 feet in the
upscaled version, and 130 metric tons. So, it’s a lot more volume.
And, again, so it’s more than just the mass. It’s the volume.

So, we're talking to our science community on what, how could
we use that rocket for that potential, any potential missions they
have down the road, as well. And have the Government agencies,
and even commercial folks, in terms of letting them know what
that capability is.
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Senator NELSON. Have you had any discussions with potential
users of that much larger volume?

Mr. LiGHTFOOT. Yes. We've talked to them. But it’'s been, you
know, very speculative at this point. It’s a lot of this, you've got to
get it built, and we’ll take advantage of it when it gets there.

Senator NELSON. From your perspective, the commercial ap-
proach, such as used by companies as SpaceX and Orbital, and now
Boeing is in that competition as well, versus the government ap-
proach to launch vehicle development—describe for us the dif-
ferences in your mind, particularly as it pertains to cost. And how
do these approaches differ?

Mr. LicHTFOOT. Well, I think for us on the government side, we
have a set of standards we follow and we do as part of the U.S.
Government, especially in relation to how we buy those capabili-
ties.

The commercial guys, we’re actually learning some things from
them in terms of what they've been doing, and spending some time
with them. I think every one of us have been to the commercial
guys to see how they’re doing it and what they’re doing. And they
have some things they can do as a commercial entity we can’t do
as the Government in terms of how they purchase things.

But, for the most part, I think what we bring to the table is, we
have a legacy and a history—not that they don’t. I mean, they're
perfectly capable and have some great folks as well. But, we're
pulling on our legacy and history. But, we’re also starting to poke
on our legacy and history, to make sure we’re not overdoing things,
so that we can get back into the affordability arena in a better way.

We have taken, I know, on the SLS we've taken some, I want to
say, 170 “shall statements” we had in our documents, and we've
knocked them down to around 25. And we’re making things fight
their way back in. At, trying very hard not to compromise any safe-
ty, you know, because that’s critically important for us, but recog-
nize where we may be putting a requirement out there that we can
be a little bit more relaxed on than we have in the past. And that,
and we're looking at each one of those, one at a time. So, that’s how
we’re looking at it, as it relates to us versus the commercial guys.

Senator NELSON. So, both approaches are trying to learn from
each other.

Mr. LiGHTFOOT. I think so. We'’re, a lot of our workforce, a lot of,
all the agencies’ workforce in individual places are, we have 80-
something Space Act Agreements—I think Bob said he had over
80—where we’re helping other entities with specific capabilities
that we have in our shop, to help them work some of the issues
they’re dealing with as they go through the development process as
well.

Senator NELSON. Mr. Coats, the Administrator mentioned in his
testimony that Orion has streamlined its insight and oversight
model. How has this streamlining saved NASA on development
cost? And what about the lessons learned to be applied to larger
programs?

Mr. CoATs. Well, one of the outcomes of the last 20 months of
uncertainty, when we weren’t quite sure if we were going to have
an Orion program of any kind, the Administrator had told our
team to continue marching on until we got that resolved. But, be-
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cause of the series of continuing resolutions, the budget was very
constrained for the last 20 months. So, we have had to look for
ways to achieve efficiencies, if you will. And we’ve had excellent re-
sults, I think, working with Lockheed Martin, a contractor who I
used to work for—as full disclosure here.

But, I think we've learned a lot about working together and look-
ing for ways to eliminate redundancies, inefficiencies; look for the
cheapest way to get testing done, whether it’s acoustic testing, vi-
bration testing, whatever. What’s the best way to get that done?
We had no choice. We had to revisit all of the requirements that
we had laid out, you know, all the “shall statements” that we had
in our documents, and so forth—were they really necessary? Be-
cause that adds money to the program.

We've talked about insight and oversight. We've looked at ways
to streamline that. I think we’ve got an excellent working relation-
ship right now with the contractor. If we can do the testing that
we've laid out, that we talked about previously, EFT-1 and then
the abort test and so forth, I think we’ve got a good test program
laid out here and, which will mitigate and allay all the risks that
we're worried about in the program right now.

I'm really proud of the team. And they've been doing, they've
marched on while Charlie was saying, we’re going to resolve this.
And he did in May. He made that decision. We've continued on
with the testing. We did the pad abort testing. We did the impact
testing last year, and the—or, last week in the Langley hydrolab
down there.

So, we haven’t stopped the testing that we've been doing. It’s
been stretched out a little bit because of the budget uncertainties.
There’s no question about that. There has been an impact to the
schedule. But, the team has really stayed focused. And I have to
give a lot of credit to the team, to the contractor team and frankly,
the senior NASA management for pressing on. And all this was
clarified by Congress and the Administration.

Senator NELSON. And, on lessons learned, Director Cabana, what
adjustments have you made to the management of the Commercial
Crew Program as a result of input from the industry and lessons
learned from the Commercial Cargo Resupply Program?

Mr. CABANA. I think one of the biggest changes is, if you look at
previous NASA programs, they’re very civil service intensive, a
large number of FTE. The Commercial Crew Program that we
share jointly with the Johnson Space Flight Center has very few—
under 200 civil servants working on it.

I think that we used the, we’ve looked to the launch services pro-
gram, which has done very well procuring vehicles for our science
missions, and how they do their work. I'm not saying we can go as
far in that direction as they have. We're trying to find that middle
ground that is less restrictive, or, intensive in many ways as pre-
vious procurements, and, to, an easier way of doing it, that allows
this give and take between the government and the contractor to
come to the right answer.

Requirements are a big deal. When we talk commercial space,
first off, everybody talks commercial space and how different it is.
It’s a government procurement by a different name. All our vehi-
cles have been built by commercial companies. So, it’s a little bit
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different way of doing things. And hopefully it will be a less expen-
sive way of doing things that will get what we want out of it when
we define our requirements.

And that’s the key, is, we go to a fixed price contract—we have
to firmly define what our requirements are, and not change them,
because every change brings huge costs. So, I think if we put the
work into it on the front end, firmly define our requirements, as
Director Coats has said, we will be able to get to an answer that
provides the vehicle that we need, with the proper insight, and is
safe, and allows our crews to fly on it to the International Space
Station in a less costly manner.

Senator NELSON. Senator, do you have anything else?

Senator BOOZMAN. No. Thank you, Mr. Chairman. Again, this
has been a very helpful hearing, I think, for all of us.

Senator NELSON. Indeed, it has.

Thank you, gentlemen.

The meeting is adjourned.

[Whereupon, at 11:57 a.m., the hearing was adjourned.]






APPENDIX

ADDITIONAL INFORMATION SUBMITTED BY NASA IN RESPONSE TO QUESTION AND
ANSWER PERIOD WITH SENATOR BOOZMAN

NASA shares the belief of its current and potential partners that challenging and
exciting exploration missions will be international in nature, so the Agency is ac-
tively engaging with the international community, facilitating efforts to collabo-
ratively set the stage for human exploration missions of the future through both the
ISS partnership and in the International Space Exploration Coordination Group
(ISECG). Agencies are looking for near-term opportunities to coordinate and cooper-
ate that represent concrete steps toward enabling the future of human space explo-
ration across the solar system. Formal partnerships for exploration preparatory ac-
tivities are being discussed with several agencies where mutual interest and benefit
has been identified. These are partnerships in the areas of advancing exploration
technologies, robotic missions and the use of ISS. Formal partnerships related to
human exploration missions will follow, when appropriate, but the timing of such
partnerships is highly content dependent and cannot be predicted at this time.
NASA and its international space agency colleagues will continue their work to un-
derstand common goals, objectives, and approaches to satisfy them.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. BILL NELSON TO
HoON. CHARLES F. BOLDEN, JR.

Question 1. Over the past 2 years, there has been much debate within NASA, the
Administration, and the broader space community concerning NASA’s priorities and
direction. What portions of the debate do you consider settled, and what questions
do we still need to answer? How are you working to move the agency forward in
a unified direction?

Answer. NASA’s detailed plans are described with the FY 2013 budget request.
In more general terms, NASA is working to execute the balanced program of space
exploration agreed to by the President and a bipartisan majority of Congress within
a constrained budget environment.

We are working to send humans to an asteroid and ultimately to Mars, to peer
deep into space to observe how the first galaxies form, and to broaden human activ-
ity in low-Earth orbit (LEO). We have completed assembling and outfitting of the
U.S. segment of the International Space Station (ISS), allowing us to focus on full
utilization of the Station’s research capabilities. NASA is making air travel safer
and more efficient, learning to live and work in space, and operating a fleet of space-
craft to investigate the Earth, the Solar system and the Universe.

The FY 2013 request supports the implementation of key priorities for NASA.

First, since the historic construction of the International Space Station (ISS) was
completed in 2011, and now that all the international partners have agreed to its
extension to at least 2020, we must enhance its utilization to ensure the success of
this national laboratory. For over eleven years, international crews of space explor-
ers have been living on orbit, both building the International Space Station and con-
ducting a diverse research program continuously. NASA is committed to making
this National resource available to the broader scientific and commercial research
community. Key to its sustainment is the availability of a U.S. commercial crew and
cargo delivery capability as soon as possible. NASA is working with American com-
panies to establish the next generation of safe and efficient vehicles for access to
LEO and the ISS. In calendar year 2012, we will see the first commercial cargo
flights to the ISS, demonstrating the innovation and capabilities of our industry
partners and providing a path forward to end our sole reliance on Russian transport
of astronauts. We will continue to work with our industry partners to develop end-
to-end systems for transporting crew and cargo to orbit. I am committed to ensuring
that American companies, launching from U.S. soil, are providing the cargo and
crew transportation services that we need to keep the ISS functioning. We are mak-
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ing steady progress on these launch services. Later this spring and summer, we ex-
pect that both of our private company partners, SpaceX and Orbital Sciences, will
complete demonstration flights of their cargo vehicles to Station and actually berth
with the ISS, marking a major milestone in our goal to establish commercial space
capabilities for low-Earth orbit travel. Some modification of the Iran, North Korea,
Syria Non-proliferation Act (INKSNA) provisions will likely be required for the con-
tinued operation of ISS and other space programs after 2016. The Administration
plans to propose appropriate provisions and looks forward to working with the Con-
gress on their enactment.

Second, with the FY 2013 budget request, NASA is moving out on plans to de-
velop a flexible launch system that will ultimately be the most capable in history.
The Space Launch System (SLS) rocket and the Orion Multi-Purpose Crew Vehicle
(MPCV) will carry American astronauts beyond low-Earth orbit and into deep space
within the next decade. Following a thorough analysis of alternatives, NASA has es-
tablished architecture for SLS and the Orion MPCV. In recent months we have con-
tinued to push forward with contracting and design efforts to make this system a
reality. At the same time, we are moving forward on a critical effort to develop the
technologies and capabilities required to support our ambitious exploration goals.
Our FY 2013 budget request supports our plans for an uncrewed SLS test flight in
2017 and a crewed test mission by 2021.

Third, we plan to continue progress toward the launch of the world’s most ad-
vanced telescope in 2018. The James Webb Space Telescope (JWST) will operate
deep in space to orbit the sun nearly one million miles from Earth. From that van-
tage point, JWST will look out into space and back in time almost as far as it is
possible to look. Over the past year, NASA has engaged in a thorough review of
JWST, made important adjustments to management, and put the project on a sound
financial footing. Since we completed this new plan, the project has met 19 of 20
FY 2011 milestones (with one deferred without impact), and has met all FY 2012
milestones to date on or ahead of schedule. NASA is confident that the FY 2013 re-
quest supports a 2018 launch of JWST.

Fourth, the FY 2013 budget request supports continued advances in new space
technologies. The National Research Council (NRC) has determined that future U.S.
leadership in space requires a foundation of sustained technology advances, but that
the U.S. space program is now living on the innovation funded in the past. Our
focus on new space technologies is absolutely essential to enable NASA to achieve
its ambitious goals. At the same time, NASA technology research seeds innovation,
supports economic vitality and helps to create new jobs and expanded opportunities
for a skilled work force. Space technology investments address long-term Agency
technology priorities and technology gaps identified by NASA Mission Directorates
and within the Agency’s draft space technology roadmaps. On February 1, 2012, the
NRC released its final review of NASA’s Draft Space Technology Roadmaps. The re-
port, which notes that NASA’s technology base is largely depleted and identifies six-
teen top-priority technologies necessary for NASA’s future missions, which also
could benefit American aerospace industries and the Nation. This NRC assessment
will help guide NASA’s technology priorities in the years to come.

NASA’s budget request supports a portfolio of innovative science missions that
will explore the diverse planetary bodies of our solar system, unravel the mysteries
of our universe and provide critical data about our home planet. Currently operating
missions continue to return a stream of data from orbits around the Sun, Mercury,
the Moon, the asteroid Vesta, Mars, and Saturn. We now have missions on the way
to Jupiter, Pluto and Mars. Sixteen Earth Science missions in orbit study the Earth
as an integrated system. The Hubble, Spitzer, Chandra, and Fermi space telescopes
continue to make groundbreaking discoveries on an almost daily basis. In calendar
year 2011, the Messenger spacecraft entered orbit around Mercury, Ebb and Flow
began mapping the gravity field of the Moon, and Juno launched on its way to Jupi-
ter. Also in 2011, Aquarius produced the first global view of ocean surface salinity
and the Suomi National Polar-orbiting Partnership satellite began making observa-
tions of Earth’s weather and climate. In 2012, we will launch the Nuclear
Spectroscopic Telescope Array to study massive black holes, supernovae and other
high-energy sources in the universe, and will launch the Radiation Belt Storm
Probes into Earth’s Van Allen belts. In 2013, we will launch the next land observing
mission (the Landsat Data Continuity Mission) and complete environmental testing
of the Global Precipitation Measurement mission, the Lunar Atmosphere and Dust
Environment Explorer (LADEE) and the Mars Atmosphere and Volatile Evolution
(MAVEN) mission.

In view of these key priorities for NASA and of our constrained fiscal environ-
ment, we will not be moving forward with the 2016 and 2018 ExoMars missions we
had been studying with the European Space Agency. Instead, NASA is developing
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a new, integrated strategy for Mars missions to ensure that the next steps for Mars
exploration will support science and human exploration goals and take advantage
of advanced space technology developments. NASA will complete this integrated
plan, including the framework for a mission to take advantage of the 2018 or 2020
launch opportunities, no later than this summer and, hopefully, in time to support
the FY 2013 appropriations process. The FY 2013 request supports this approach,
and this process will be informed by coordination with the science community and
our international partners. The FY 2013 budget request continues to support robust
Mars exploration including two spacecraft orbiting Mars, the Opportunity rover on
the surface, a multi-year exploration of Mars by the Curiosity Mars Science Labora-
tory, and the MAVEN mission to explore the Mars upper atmosphere. The August
landing of Curiosity will be among the most difficult technical challenges that NASA
has ever attempted and Curiosity’s mission of exploration will far eclipse anything
humanity has attempted on the surface of Mars in the past. We look forward to re-
ceiving a treasure trove of data from the surface of Mars to help answer questions
about its past and present habitability.

With the 2013 request, NASA will conduct aeronautics research to enable the re-
alization of the Nation’s Next Generation Air Transportation System (NextGen), and
the safer, more fuel efficient, quieter, and environmentally responsible aircraft that
will operate within NextGen. Through the aeronautics research we conduct and
sponsor with universities and industry, NASA helps to develop the technology that
enables continuous innovation in aviation. As a result, U.S. companies are well posi-
tioned to build on discoveries and knowledge resulting from NASA research, turning
them into commercial products that benefit the quality of life for our citizens, pro-
vide new high-quality engineering and manufacturing job opportunities, and enables
the United States to remain competitive in the global economy.

The request also continues NASA’s dedicated efforts to inspire the next generation
of explorers. NASA can provide hands-on experience and inspiration as few other
agencies can. To foster the development of the U.S. work force, NASA’s education
programs will focus on demonstrable results and capitalize on the Agency’s ability
to inspire students and educators through unique missions and the big challenges
that help today’s young people envision their future in science, technology, engineer-
ing and mathematics (STEM). NASA Education is one of many Federal Government
programs that support STEM education. NASA Education is working with other
agencies through the National Science and Technology Council’s Committee on
STEM Education to fund coordinated and effective student and teacher opportuni-
ties. NASA will focus its resources on demonstrated areas of strength in its unique
role in STEM education, freeing resources for other Agency priorities. NASA brings
many assets, beyond funding, to support the Administration’s emphasis on STEM
education. Our people, platforms like the International Space Station, and our facili-
ties across the Nation all contribute to strengthening STEM education.

Question 2. We continue to see the characterization of a heavy lift capability as
a competing priority with a commercial crew capability—with strong advocacy by
some for one at the exclusion of the other. Please explain why these capabilities are
complementary and why we need both.

Answer. NASA, with its commercial and international partners, has embarked on
a new phase of human space exploration and development—one that will be sup-
ported by commercial crew transportation to low-Earth orbit (LEO) and by the de-
velopment of the Orion Multi-Purpose Crew Vehicle (MPCV) and the heavy-lift
Space Launch System (SLS), which will enable missions beyond LEO. This split be-
tween commercial and Government systems allows for a cost effective approach to
promote a broad base for human exploration by the United States.

In LEO, the International Space Station (ISS) has entered its operations and re-
search phase, and this phase will continue through at least 2020. A robust transpor-
tation architecture is critical to ensuring full utilization of this research facility—
including research efforts that will support the development of long-duration explo-
ration missions beyond LEO. Private enterprise and affordable commercial oper-
ations in LEO, including the transportation of crew to and from ISS (as well as res-
cue from ISS), will enable U.S. industry to support NASA and other Government
and commercial users safely, reliably, and at a lower cost. NASA is helping to lay
the groundwork for the emerging LEO space economy as we also end our sole reli-
ance on Russian transport of astronauts to the ISS.

The commercial crew and cargo systems that support ISS will enable NASA to
focus its internal development efforts on the Orion MPCV and SLS, which will send
U.S. astronauts on missions of exploration beyond LEO. These systems will be flexi-
ble enough to support many different mission scenarios, and will serve well in the
decades to come. The Orion MPCV and SLS launcher will provide NASA with the
flexibility to conduct missions to a variety of compelling destinations beyond LEO,
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including Near-Earth Asteroids (NEAs), the Moon, the moons of Mars, and Mars
itself.

Question 3. How can efforts, such as NASA’s recent MOU with the Air Force and
NRO on launch vehicle certification bring down the cost for space access govern-
ment-wide? What other possibilities is NASA considering for partnering with the na-
tional security community to reduce costs?

Answer. NASA supports the addition and use of new entrants in all classes of
launch vehicles in order to continue to facilitate and encourage competition, which
will be the true motivator for reduced launch service prices over the long term. The
Coordinated Strategy for Certification of New Entrant Launch Vehicles recently
signed by the U.S. Air Force, National Reconnaissance Office (NRO) and NASA is
anchored in NASA’s existing model and policies. The Strategy provides a common
framework for jointly communicating with industry and providing alternatives to
mitigate the inherent risk of any new launch system. The Strategy should enable
more companies to become certified to launch high value robotic payload missions
ariid thus further enable future competition amongst commercial launch service pro-
viders.

NASA and the national security community have a long history of cooperation.
While the national security community and the Nation’s civil space agency have dif-
ferent missions, priorities, and budget allocations, there are many similarities. For
example, NASA shares with the national security community many of the same
technologies, enabling systems, facility and workforce needs, and a common indus-
trial base. The key to cooperation and a fruitful partnership is to focus on the activi-
ties that advance the needs of both organizations and result in potential efficiencies
and cost savings.

Through groups such as the Space Industrial Base Council and now the Defense
Production Act Committee, NASA partners with the national security community to
address industrial base challenges. NASA also participates with the national secu-
rity community in industry forums such as the Space Quality Improvement Council
and the Space Supplier Council to work with industry to improve how we acquire
space systems with the ultimate goal of improving affordability and mission success.
NASA is currently working with our national security partners and the Department
of Commerce to periodically survey the industrial base to improve our under-
standing of industry and its supply chain. This effort has the potential to reduce
costs in several ways: By identifying commonality within supply chains across agen-
cies and programs we can reduce procurement and asset management costs and fa-
cilitate common specifications and standards that can lower production costs. We
can also work with other agencies to mitigate supply chain risks and identify and
resolve issues before they become major (and costly) problems e.g., parts and mate-
rial shortages, counterfeit parts, and the loss of skills, capabilities, product lines,
and/or suppliers.

A particular focus area for NASA’s interagency industrial base activities has been
in propulsion. The Department of Defense (DoD) has been invited to participate in
the recently announced initiative called the National Institute for Rocket Propulsion
Systems (NIRPS). Led by the Marshall Space Flight Center, NIRPS is establishing
a forum for cooperation, collaboration, information sharing, and alignment of com-
mon pursuits to better manage investments across portfolios to ensure the indus-
trial base can sustain those critical technologies and skills in the liquid propulsion
sector, which in turn will hopefully drive down the costs of propulsion systems.
NASA is also engaged in other active partnership efforts with DoD, such as Eastern
range modernization activities under the 21st Century Space Launch Complex ini-
tiative as well as ocean recovery support for the Orion MPCV.

Question 4. What is the path forward for the creation of more formal international
partnerships for exploration? When would these agreements need to be in place?

Answer. NASA shares the belief of its current and potential partners that chal-
lenging and exciting exploration missions will be international in nature, so the
Agency is actively engaging with the international community, facilitating efforts to
collaboratively set the stage for human exploration missions of the future through
both the ISS partnership and in the International Space Exploration Coordination
Group (ISECG). Agencies are looking for near-term opportunities to coordinate and
cooperate that represent concrete steps toward enabling the future of human space
exploration across the solar system. Formal partnerships for exploration preparatory
activities are being discussed with several agencies where mutual interest and ben-
efit has been identified. These are partnerships in the areas of advancing explo-
ration technologies, robotic missions and the use of ISS. Formal partnerships re-
lated to human exploration missions will follow, when appropriate, but the timing
of such partnerships is highly content dependent and cannot be predicted at this
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time. NASA and its international space agency colleagues will continue their work
to understand common goals, objectives, and approaches to satisfy them.

Question 5. When will we start development of the additional elements we need
for exploration missions, such as landers and deep space habitats?

Answer. In the near term, NASA is focusing its exploration development efforts
on the Orion MPCV and SLS—foundational capabilities that will be required for all
contemplated deep space destinations. Several technology and capability develop-
ment activities will also produce systems and subsystems that are required for deep
space human exploration missions, such as a Deep Space Hab, new space suit, etc.
The goal for longer lead technology efforts is to demonstrate new capabilities by
2020 to enable human missions in the next decade.

NASA is pursuing a capabilities-driven architecture approach to human
spaceflight exploration planning, which in turn drives the system development and
technology prioritized investments. Architecture and analysis efforts are ongoing, to
include continuing studies on initial destinations for the first test flights of the
Space Launch System (SLS) and Orion Multi-Purpose Crew Vehicle (MPCV) as the
basic elements of the system. The SLS and Orion MPCV are being designed to pro-
vide capabilities for a variety of deep space missions to multiple destinations includ-
ing the Moon, asteroids, the moons of Mars, and ultimately the surface of Mars. Be-
sides near-Earth asteroid rendezvous flights, these systems could be used to support
circum-lunar navigations and flights to Earth-Moon Lagrange points. Lagrange
points are gravitationally stable regions created by the interaction of the gravity
fields of any two large masses; an object placed at Lagrange point will tend to stay
in place for a long time. These could therefore be excellent locations in which to
place habitation modules to study long-duration expeditions away from LEO, con-
duct developmental systems tests, enable tele-robotic operations, and execute
science activities. Beyond this initial capability, SLS and Orion MPCV could support
eventual missions to the moons of Mars—Deimos and Phobos and the surface of
Mars itself, with incremental upgrades. In addition, NASA has been working with
the National Research Council (NRC) to develop Technology roadmaps for the Agen-
cy. Much like the Science decadal surveys, these roadmaps will help guide the Agen-
cy’s investment strategy to ensure NASA is advancing the technology it needs for
future human exploration. These roadmaps will help inform Agency decisions about
the specific timeframes for the development of additional elements needed for explo-
ration missions.

In further support of such development the Human Exploration and Operations
Mission Directorate’s (HEOMD) Advanced Exploration Systems (AES) Program is
pioneering new approaches for rapidly developing prototype systems, demonstrating
key capabilities, and validating operational concepts for future human missions be-
yond Earth orbit. Early integration and testing of prototype systems will reduce risk
and improve affordability of exploration mission elements. The prototype systems
developed in the AES program will be demonstrated in ground-based test beds, field
tests, underwater tests, and flight experiments on the ISS. Many AES projects will
evolve into larger integrated systems and mission elements that will be tested on
ISS before we venture beyond Earth orbit. The AES Program is developing a deep
space habitat, a crew excursion vehicle, reliable life support systems, advanced
spacesuits, radiation protection, and autonomous systems to assist the crew with
mission operations. The AES Program is also developing a small lunar lander test
bed and technologies for autonomous precision landing. The Space Technology Pro-
gram is developing capabilities for cryogenic propellant storage, in-space propulsion,
power generation and energy storage, and advanced robotics. The goal is to dem-
onstrate these new capabilities to enable human missions in the next decade.

The AES and the Space Technology Programs will work closely together to incor-
porate and integrate new technologies and innovations as they are matured to the
point of infusion.

Question 6. A human mission to Mars would be extremely difficult, if not impos-
sible, with what we know about the effects of such a mission on the human body
and our current abilities to mitigate those effects. How is NASA addressing this
issue and what confidence do we have that NASA’s research and technology pro-
grams will make such a mission possible? How is NASA pursuing advanced propul-
sion teghnolog‘ies that could significantly shorten the trip to Mars, such the VASIMR
engine?

Answer. NASA recognizes the significant life and health sciences challenges asso-
ciated with long-duration human spaceflight beyond the protection of Earth’s Van
Allen radiation belts. As such, NASA is pursuing a comprehensive program across
multiple fields of research and applications-based areas of study including radiation,
micro- and partial-gravity, among others. The HEOMD International Space Station
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(ISS) Program, Space Life and Physical Sciences Research and Applications
(SLSPRA) Division, and Human Spaceflight Capabilities Division, with the office of
the Chief Health and Medical Officer, are among the organizations focused upon so-
lutions to the challenges of human space exploration.

One of the key roles played by the ISS is that of exploration research laboratory.
Experiments being conducted on the ground and aboard ISS will help scientists un-
derstand, and engineers mitigate, the negative impacts of extended exposure to the
microgravity environment on the human body. Such impacts include decalcification
of bones, muscle atrophy, and radiation exposure. NASA is refocusing the Human
Research Program within SLPSRA to ensure a coordinated, systematic approach to
risk reduction. The development of technologies and techniques to counter these ef-
fects is critical to deep-space missions.

NASA also recognizes that any future human exploration effort is largely depend-
ent on developing breakthrough technologies that will enable astronauts to safely
go farther and faster into space and at a lower cost. By investing in high payoff,
breakthrough technologies that industry does not have today, NASA matures the
technologies required for future missions, while proving the capabilities and low-
ering the cost of government and commercial space activities. The Agency has iden-
tified several high-priority technologies to support human exploration of Mars, in-
cluding long-term storage and transfer capabilities for cryogenic fluids; solar electric
propulsion for efficient in-space transportation of cargo; nuclear thermal propulsion
to reduce interplanetary trip time for the crew; entry, descent, and landing tech-
nologies to land large payloads on Mars; and deep space habitation systems that in-
corporate advanced life support and radiation protection. The Advanced Exploration
Systems and Space Technology Programs are developing these capabilities for future
human missions. The Variable Specific Impulse Magnetoplasma Rocket (VASIMR)
is one example of electric propulsion technology that may hold promise for future
deep space missions.

Question 7. Please provide a detailed list of milestones for the next year for both
SLS and Orion.

Answer. Please see below.

November 2011

e 11/1—Space Launch System (SLS) Stages Justification for Other than Full and
Open Competition posted

e 11/4—SLS, MPCV, Ground Systems Development and Operations (formerly
21st Century Ground Systems) Formulation Authorization Documents signed

e 11/8—SLS Engine (RS-25) Justification for Other than Full and Open Com-
petition posted; Orion Boiler Plate Test Article Phase I Water Drop Test #3

11/9—SLS J-2X E10001 Test Fire (500 seconds)

11/14—SLS Industry Day at Michoud Assembly Facility

11/17—Orion Periodic Technical Review 3

11/21—SLS Key Decision Point A Decision Memo signed

11/30—GSDO Mission Concept Review; Mobile Launcher Structural Load Test
Completed

December 2011

e 12/1—SLS Engine Undefinitized Contract Action Issued; Orion Boiler Plate
Test Article Phase I Water Drop Test #4; SLS J—2X E10001 Test Fire (80 sec-
onds)

e 12/7—ESD Cross-Program System Requirements Review

e 12/12—SLS Advanced Booster Engineering Demonstration & Risk Reduction
draft NASA Research Announcement Released

e 12/13—Orion Boiler Plate Test Article Phase I Water Drop Test #5
e 12/14—SLS J-2X E10001 Test Fire (100 seconds)

e 12/15—SLS Advanced Booster Engineering Demonstration & Risk Reduction
Industry Day at Marshall Space Flight Center

e 12/16—SLS Booster UCA Issued; SLS Stages Undefinitized Contract Action
Issued

e 12/20—Orion Main Parachute Test completed successfully
e 12/21—O0Orion Exploration Flight Test 1 Undefinitized Contract Action Issued
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January 2012

e 1/5—Orion EFT-1 Justification for Other than Full and Open Competition
Posted

e 1/6—Orion BTA Phase 1 Water Drop Test (#6—Final)
e 1/17—ESD Cross-Program Systems Requirement Review

e 1/31—ESD Cross-Program Systems Requirement Review Results to Agency and
Key Decision Point Approval; Orion Crew Module Hardware move to Kennedy
Space Center

e 1/25 to 2/3—Orion Boiler Plate Test Article Modal Test #1
February 2012

. 12/ 1—*SLS Advanced Development draft NASA Research Announcement Re-
ease

e 2/7 to 2/20—Orion Boiler Plate Test Article Modal Test #2
e 2/8—Orion Crew Module Flight Hardware Test Article Tour Complete

e 2/9—**SLS Advanced Booster Engineering Demonstration & Risk Reduction
final NASA Research Announcement Release

e 2/15—SLS J-2X Power Pack Assembly #2 Test #1—1,9 second spin-start test
in Test Stand A-1 at Stennis Space Center

o 2/22 to 2/29—O0rion Boiler Plate Test Article Modal Test #3
e 2/28—Orion Ground Test Article Test Complete

March 2012

3/2 to 3/6—O0rion Boilerplate Test Article Modal Test #4
3/6—Space Launch System (SLS) J-2X Power Pack Assembly Test #2
3/8 to 3/12—Orion Boiler Plate Test Article Modal Test #5

3/20—*SLS Advanced Development final NASA Research Announcement
Issued; SLS J-2X Power Pack Assembly #2 Test #3

e 3/16 to 3/26—Orion Boiler Plate Test Article Modal Test #6
e 3/29—SLS J-2X Engine 10001 with Clamshell in Test Stand A-2 Test #11;
SLS System Requirements Review/System Definition Review Step 1 Board

April 2012

e 4/3—SLS Power Pack Assembly #2 Test #4—under review

o 4/9—**SLS Advanced Booster Engineering Demonstration & Risk Reduction
NASA Research Announcement Proposals Due

e 4/12—SLS J-2X Engine 10001 with Clamshell in Test Stand A-2 Test #12
e 4/17—SLS J-2X Power Pack Assembly #2 Test #5—under review

e 4/19—O0rion Ground Test Article on dock at Kennedy Space Center from Den-
ver

e 4/26—SLS J-2X Engine 10001 with Clamshell in Test Stand A-2 Test #13
May 2012

SLS J-2X Power Pack Assembly #2 Test #6—under review

SLS J-2X Power Pack Assembly #2 Test #7—under review

SLS J-2X Power Pack Assembly #2 Test #8—under review

*SLS Advanced Development NASA Research Announcement Proposals Due
SLS System Requirements Review/System Definition Review Step 2 Board
Orion Crew Module structure shipped to Kennedy Space Center to initiate As-
sembly, Integration and Production in the Operations and Checkout Building

August 2012

e o o o

o Ground Systems Development and Operations (GSDO) System Requirements Re-
view/System Definition Review Board

* Smaller contract for broader area of risk reduction including, but not limited
to, manufacturing, materials, design, operations, etc.

**Limited to Booster risk reduction activities

Question 8. Please characterize the impact on the Commercial Crew Program of
the $406 million FY12 funding level per the conference report on H.R. 2112, and
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include any relevant assumptions about funding in FY 2013-2018. How will NASA
prioritize schedule versus continued funding of multiple competitors?

Answer. NASA performed a reassessment of the acquisition strategy for the next
phase of the Commercial Crew Program given the lower than anticipated appropria-
tion of $406M for FY 2012 that was passed by Congress and signed into law by the
President. On December 15, NASA announced its decision to modify the competitive
procurement strategy. Instead of awarding contracts for the next phase, the Agency
plans to use multiple, competitively awarded funded Space Act Agreements. Using
competitive Space Act Agreements instead of contracts will allow NASA to maintain
a larger number of partners during this phase of the program. NASA intends to
structure these Space Act Agreements to provide NASA the flexibility to adjust con-
tent and funding levels based on available funds. This flexibility is important during
a period of high budget uncertainty when NASA is receiving less funding than
President Obama requested for the Agency’s commercial space program. This ap-
proach for the next phase will facilitate industry’s continued development of com-
mercial capabilities but will not require compliance with NASA’s certification stand-
ards. NASA plans to initiate the competitive process for this next phase in February
2012. NASA still plans to use FAR-based contracts for the certification and purchase
of the commercial crew services.

While industry should be able to accelerate their development efforts under SAAs,
NASA estimates that the likely availability date of International Space Station (ISS)
services missions has likely slipped to 2017 because of the FY 2012 funding level
for CCP. This assumes that more robust funding levels will be available in the out-
years (FY 2013-FY 2017). Details of the budgetary requirements for this new ap-
proach were provided in the FY 2013 President’s Budget Request for NASA.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. MARIA CANTWELL, TO
HoN. CHARLES F. BOLDEN, JR.

Question 1. What is your rationale for the initial use of the 5-segment solid rocket
boosters on the Space Launch System rather than holding an immediate competition
for the final advanced booster?

Answer. NASA is moving out with the development of the Space Launch System
(SLS), having announced the basic architecture of the system on September 14,
2011. The NASA Authorization Act of 2010 (P.L. 111-267, October 11, 2010) di-
rected the Agency to develop, as rapidly as possible, replacement vehicles capable
of providing both human and cargo launch capability to destinations beyond low-
Earth orbit. In general, it can take anywhere from 6-8 years to develop a heavy
lift launch vehicle; however, NASA is expediting that process by utilizing as much
existing hardware as possible. In developing the SLS, the Act directed the Adminis-
trator to utilize, to the extent practicable, existing contracts, investments, workforce,
industrial base, and capabilities from the Space Shuttle Program (SSP), Orion, and
Ares I projects. This includes SSP-derived components and Ares components that
draw extensively on SSP heritage propulsion systems, including liquid fuel engines,
cryogenic stages, and solid rocket motors. As a result, the Agency will initiate the
development of the SLS with SSP- and Ares-derived assets. The Agency presently
is undertaking full and open competitive procurement activities for the SLS Ad-
vanced Booster. Initial steps in this process have been taken (please see response
to Question #2).

Question 2. My understanding is that in the press call after the September Space
Launch System announcement, NASA Associate Administrator for Human Explo-
ration and Operations Bill Gerstenmaier stated that the advanced booster competi-
tion for the Space Launch System would take place “almost immediately.” We are
now hearing that the competition will take place possibly in 2015 after some low-
level risk reduction study contracts are completed. NASA’s plans are simply unclear.
What is the timing and process planned for the advanced booster competition?

Answer. NASA plans to compete the SLS Advanced Booster, and has already
taken the initial steps in this process:

e The Agency posted a draft NASA Research Announcement (NRA) for “SLS Ad-
vanced Booster Engineering Demonstration and/or Risk Reduction” on Decem-
ber 12, 2011.

e An Industry Day focused on the SLS Advanced Booster Engineering Demonstra-
tion and/or Risk Reduction activity was held at Marshall Space Flight Center
(MSFC) on December 15, 2011.
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e NASA issued the final NRA for SLS Advanced Booster Engineering Demonstra-
tion and/or Risk Reduction on February 9, 2012, with responses due back to
NASA on April 9, 2012.

The NRA solicits applied research proposals, which will offer solutions to meeting
the Advanced Booster goal of reducing risk in the areas of affordability, perform-
ance, and reliability. Specifically, the NRA solicits proposals that will: (1) provide
an Advanced Booster concept in response to a set of top level performance require-
ments; (2) identify liquid and/or solid booster high risk areas; (3) provide related
hardware demonstrations on how risk can be mitigated; and (4) identify high risk
areas associated with adaptation of Advanced Booster technology to SLS. NASA has
identified potential target areas for risk mitigation. However, other high value dem-
onstration proposals for liquid or solid rocket designs for target areas beyond those
specifically identified are requested.

This NRA effort is important in order to ensure that NASA will be able to evolve
the SLS from its initial 70-metric-ton capability to the final 130-metric-ton capa-
bility, which will enable a variety of human missions to deep-space destinations.
The NRA phase for the Advanced Booster is anticipated to be 30 months. NASA an-
ticipates initiating a full and open competitive Design, Development, Test and Eval-
uation (DDT&E) procurement for the Advanced Booster system in FY 2015 with
contract award anticipated in FY 2016.

Question 3. What specific steps are being taken to prevent giving the current
Space Launch System booster contractor an unfair advantage in the future ad-
vanced booster competition?

Answer. The Advanced Booster performance requirements are significantly great-
er than the current booster contractor’s configuration provides to NASA, therefore
a new development is required in some manner whether the final concept uses solid
or liquid propellant. In addition, the SLS Program is again engaging industry early
in the acquisition process to ensure requirements and the solicitation are written
to maximize competition. Potential offerors have been asked for their comments first
in a Request for Information issued in October, then through the comment process
on the draft NRA, and have also been invited to sit one-on-one with the proposal
evaluation team. Second, a detailed technical library is being provided to maintain
competitiveness across all potential offerors. Finally, the evaluation criteria in the
solicitation have been thoroughly reviewed within the Agency to ensure the best so-
licitation to yield competitive proposals and an equitable evaluation.

Question 4. How is NASA ensuring that the core vehicle and the launch pad are
being designed and built to handle both liquid and solid rocket booster options?
What are the added costs involved in following the current path rather than simply
holding the advanced booster competition immediately?

Answer. The system (and core) design process includes an analysis of multiple al-
ternatives that include both liquid and solid booster options. Concept studies are de-
termining the effect of both designs on the core vehicle with worst-case structural
loads and thermal environments used to derive ultimate vehicle design require-
ments. In order to minimize launch facility development costs, the SLS Program and
21st Century Ground Systems Program are collaborating on pad design to account
for base heating effects and vehicle hold-down design, while holding the vehicle con-
figuration to two boosters but providing flexibility of booster design diameter.

The current SLS Program development approach entails executing an immediate,
albeit two-phased, advanced booster competition. An advanced booster that meets
exploration requirements to lift 130 metric tons does not currently exist today.
NASA estimates the development timeline of new advanced booster would not sup-
port a December 2017 launch. Thus, the approach selected allows phasing of design
and development activities (core and upper stages, core and upper stage engines,
and spacecraft adapters and fairings) to fit within the yearly budget allocations
while mitigating advanced booster development risks, meeting the first flight mile-
stone in 2017 for a 70 metric ton vehicle, and, ultimately, evolving the vehicle to
a 130 metric ton lift capacity. The approach exercises good engineering judgment
in identifying risks associated with major new concept and/or technology develop-
ments before making larger investments in the DDT&E. Additionally, the two-
phased approach also allows for vehicle configuration maturation before selecting a
final advanced booster concept and provides for early engineering demonstrations/
tests, which leverage existing assets to prove the design.
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RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. MARK PRYOR TO
HoN. CHARLES F. BOLDEN, JR.

Question 1. NASA plans to use five-segment solid rocket boosters for the initial
two SLS capability flights through 2021. NASA has announced plans to issue a
NASA Research Announcement in December for Advanced Booster Engineering
Demonstration and Risk Reduction. NASA has also announced plans to hold an
open competition in Fiscal Year 2015 for the SLS Advanced Booster Design, Devel-
opment, Test and Evaluation (DDT&E) with award anticipated in Fiscal Year 2016.
How is NASA ensuring that the core vehicle and the launch pad are designed and
built to handle both the initial and advanced booster designs, whether they be liquid
or solid rocket booster options?

Answer. In developing an evolvable Space Launch System (SLS) that will grow
in capability from lifting 70 metric tons to lifting 130 metric tons, one important
challenge is that of integrating the launch vehicle, the spacecraft (specifically, the
Orion Multi-Purpose Crew Vehicle [MPCV]), and the supporting launch infrastruc-
ture. While NASA does not at this point know whether the SLS Advanced Boosters
will use solid or liquid propellant, the Agency will define specific booster-to-core-ve-
hicle electrical, physical, and thermal interfaces and interoperability requirements
to ensure that potential bidders to the Advanced Booster contract announcement
will be fully apprised of the requirements to which they must design their systems.
By defining these interfaces and requirements for potential bidders, NASA will en-
sure that the SLS core vehicle and associated infrastructure will be able to accom-
modate liquid or solid rocket booster designs, as long as these designs are based on
the Agency’s requirements.

Question 2. What are the added costs involved in following the current path rath-
er than holding the advanced booster competition immediately?

Answer. The NASA Authorization Act of 2010 (P.L. 111-267, October 11, 2010)
directed the Agency to develop, as rapidly as possible, replacement vehicles capable
of providing both human and cargo launch capability to destinations beyond low-
Earth orbit. NASA is expediting the development process by utilizing as much exist-
ing hardware as possible. In developing the SLS, the Act directed the Administrator
to utilize to the extent practicable existing contracts, investments, work force, indus-
trial base, and capabilities from the Space Shuttle Program (SSP), Orion, and Ares
I projects. This includes SSP-derived components and Ares components that draw
extensively on SSP heritage propulsion systems, including liquid fuel engines, cryo-
genic stages, and solid rocket motors. As a result, the Agency will initiate the devel-
opment of the SLS with SSP and Ares derived assets. This approach will enable
NASA to flight test the SLS with the Orion MPCV sooner than would be possible
if the Agency were to first go through the process of developing requirements for
a brand new Advanced Booster and holding a design competition. NASA anticipates
that the utilization of existing technologies for the initial SLS capability will speed
development of the system and reduce overall system development cost for the ini-
tial capability. NASA presently is undertaking full and open competitive acquisition
activities for the SLS Advanced Booster. Initial steps in this process have been
taken:

e The Agency posted a draft NASA Research Announcement (NRA) for “SLS Ad-
vanced Booster Engineering Demonstration and/or Risk Reduction” on Decem-
ber 12, 2011.

e An Industry Day focused on the SLS Advanced Booster Engineering Demonstra-
tion and/or Risk Reduction activity was held at Marshall Space Flight Center
(MSFC) on December 15, 2011.

o NASA posted the final NRA for SLS Advanced Booster Engineering Demonstra-
tion and/or Risk Reduction on February 9, 2012, with responses due back on
April 9.

The NRA solicits applied research proposals, which will offer solutions to meeting
the Advanced Booster goal of reducing risk in the areas of affordability, perform-
ance, and reliability. This effort is important in order to ensure that NASA will be
able to evolve the SLS from its initial 70-metric-ton capability to the final 130-met-
ric-ton capability, which will enable a variety of human missions to deep-space des-
tinations. The NRA phase for the Advanced Booster is anticipated to be 30 months.
NASA anticipates initiating a full and open competitive Design, Development, Test
and Evaluation (DDT&E) procurement for the Advanced Booster system in FY 2015
with contract award anticipated in FY 2016.
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RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. MARK WARNER TO
HoN. CHARLES F. BOLDEN, JR.

Question 1. The commercial crew program will be funded at $406 M for Fiscal
Year 2012, a lower amount than the Administration’s request. What is NASA’s plan
to accelerate expansion of commercial crew to prevent sending hundreds of millions
of dollars overseas to competing programs? Will NASA consider using the proven
successful model of Space Act Agreements again to expedite these private sector de-
velopments?

Answer. NASA performed a reassessment of the acquisition strategy for the next
phase of the Commercial Crew Program given the lower than anticipated appropria-
tion of $406M for FY 2012 that was passed by Congress and signed into law by the
President. On December 15th, NASA announced its decision to continue to use mul-
tiple, competitively awarded funded Space Act Agreements for the next phase. Using
competitive Space Act Agreements instead of contracts will allow NASA to maintain
a larger number of partners during this phase of the program. NASA intends to
structure these Space Act Agreements to provide NASA the flexibility to adjust con-
tent and funding levels based on available funds. This flexibility is important during
a period when NASA is receiving less funding than President Obama requested for
the Agency’s commercial space program.

The announcement for proposals was released on February 7, 2012. These com-
petitively awarded SAAs are expected to be followed by a competitively awarded
contract for the certification phase. The certification phase will ensure that the de-
signs fully meet the safety and performance requirements for NASA utilization.

Question 2. The Commercial Orbit Transportation Services (COTS) model deliv-
ered capabilities at a fraction of the cost that traditional NASA acquisition would
have been. Given the constrained budget environment for NASA going forward, this
model is incredibly valuable. Can you provide information on how NASA will look
to implement the value and cost-savings obtained from the public-private partner-
ships utilized in the commercial programs in other programs?

Answer. As noted in the response to Question #1, NASA will be using competi-
tively awarded SAAs for the next phase of its Commercial Crew Program, though
the certification phase of the Program is expected to proceed under a competitively
awarded contract.

A decision to work with or support others outside the Agency (including commer-
cial partners) to fulfill Agency goals or objectives requires NASA to review the rel-
evant authorities available to implement the decision. The options could encompass
several alternatives, such as procurement contracts with industry and universities,
interagency agreements, or international cooperation. The Agency may also provide
financial and/or technical assistance to others in the form of grants, cooperative
agreements, or SAAs to foster activities that support the Agency’s overall mission
when that mission can be met by advancing a public purpose instead of acquiring
property or services for the direct benefit or use of NASA. The Agency also has the
authority to enter into other types of arrangements depending on the circumstances,
such as leases, concession agreements, property loan agreements, and Cooperative
Research and Development Agreements (CRADASs), for example. NASA must take
into account the opportunities and limitations presented by each option when it for-
mulates its approach, as each authority is subject to its own set of related laws, reg-
ulations, and policies.

Question 3. Thank you for giving me a brief update on NASA’s plans at Wallops
Island, Virginia. Can you provide more detail on what you believe the potential for
Wallops is in terms of commercial space generally, and the commercial crew pro-
gram? What role will Wallops play as you progress with commercial crew, and how
do you plan to partner with the private sector? Can you provide any details on plans
for furthering developing infrastructure at Wallops?

Answer. The Commercial Crew Program (CCP) is a partnership between NASA
and the private sector to incentivize companies to build and operate safe, reliable,
and cost effective commercial human space transportation systems. In the near
term, NASA plans to be a reliable partner with U.S. industry, providing technical
and financial assistance during the development phase. In the longer term, NASA
plans to be a customer for these services, buying transportation services for U.S.
and U.S.-designated astronauts to the ISS. NASA hopes these activities will stimu-
late the development of a new industry that will be available to all potential cus-
tomers, including the U.S. Government.

Regarding the use of Wallops Island, Virginia for potential inclusion in commer-
cial crew transportation systems, NASA does not plan to dictate the use of any spe-
cific ground infrastructure by any commercial provider. The commercial provider
will own and operate the crew transportation systems, and the commercial providers
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will decide which launch site and what ground infrastructure they plan to use.
NASA’s interest will be in ensuring that whatever site/infrastructure is chosen, that
it will be safe, reliable, and cost effective.

An example of a commercial entity that has expressed interest in using Wallops’
capabilities is Orbital Sciences Corporation, which Wallops and the Mid-Atlantic Re-
gional Spaceport for launching its Antares rocket. Orbital has a Space Act Agree-
ment with NASA to conduct demonstration flights under the Commercial Orbital
Transportation Services (COTS) effort, as well as a contract with NASA to launch
supplies to the ISS under the Agency’s Commercial Resupply Services (CRS) effort.
In addition, Orbital is pursuing other launch activities using the Antares from Wal-
lops for NASA science and technology payloads, as well as for other Government
agencies and commercial organizations.

Question 4. NASA has now decided on an architectural plan for its next space
launch vehicle, and has offered cost and schedule estimates for its completion. In
the past, we’ve seen cost grow, schedules slip, and projects run on a cost-plus basis.
How are you working to prevent that kind of cost growth in the Space Launch Sys-
tem?

Answer. Moving forward on the SLS, one of NASA’s greatest challenges will be
to reduce the development and operating costs (both fixed and recurring) for human
spaceflight missions to sustain a long-term U.S. human spaceflight program. The
Agency must plan and implement an exploration enterprise with costs that are cred-
ible and affordable for the long term.

NASA appreciates the work of Booz Allen Hamilton on the Independent Cost As-
sessment (ICA) for the SLS, Orion Multi-Purpose Crew Vehicle (MPCV), and the Ex-
ploration Ground Systems (formerly named 21st Century Ground Systems). The ICA
recommendations provide advice on the effective and efficient implementation of
NASA’s programs given the technical and architectural decisions that have been
made. The Agency has already implemented a number of recommendations, and will
continue to carefully consider the remainder of the ICA’s findings and recommenda-
tions as it proceeds to implement these efforts during its program formulation ac-
tivities.

NASA is currently assessing a number of potential opportunities for reducing the
institutional costs associated with developing, producing, and operating SLS. For ex-
ample, NASA continues to partner with other Federal Government and commercial
customers to maximize utilization of the rocket test facilities at SSC. United Launch
Alliance and the U.S. Air Force already utilize test stand capabilities there, includ-
ing the B1 test stand for RS—68 testing and the E-Complex for component and
small-thrust testing. NASA is currently considering other potential opportunities for
sharing capabilities.

In addition to prudent consolidation of infrastructure, the SLS Program will con-
tinue to examine ways to increase efficiency and agility to deliver an affordable and
achievable heavy-lift system as soon as possible. Examples being considered in for-
mulating SLS plans include the following:

e Using common parts and common designs across the Government to reduce
costs;

e Ensuring requirements are appropriately specific and also that requirements
applied to NASA crew launch vehicles are similar to those provided to our even-
tual commercial crew partners, thereby ensuring that NASA vehicles are not re-
quired to meet more substantial requirements than commercial crew vehicles,
and vice versa;

e Conducting insight/oversight activities of the Agency’s contract partners in a
smarter way, thereby using NASA’s resources more appropriately to focus on
the high-risk items; and

e Ensuring that there are no unique configurations or developments that do not
end up directly supporting the final system.

Once a final SLS architecture decision is made, NASA will develop detailed plans
to accomplish these goals and will keep Congress apprised.

Question 5. NASA has publicly stated that the Space Launch System cannot meet
the 130 metric ton legal requirement without advanced boosters. The first un-
manned test launch in 2017 could provide the desired reentry trajectory for the
Orion MPCV by using the upper stage and no boosters. Can you provide a status
update and timeline on plans for an advanced booster competition?

Answer. NASA plans to compete the SLS Advanced Booster, and has already
taken the initial steps in this process:
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e The Agency posted a draft NASA Research Announcement (NRA) for “SLS Ad-
vanced Booster Engineering Demonstration and/or Risk Reduction” on Decem-
ber 12, 2011.

e An Industry Day focused on the SLS Advanced Booster Engineering Demonstra-
tion and/or Risk Reduction activity was held at Marshall Space Flight Center
(MSFC) on December 15, 2011.

e NASA posted the final NRA for SLS Advanced Booster Engineering Demonstra-
tion and/or Risk Reduction on February 9, 2012.

The NRA solicits applied research proposals, which will offer solutions to meeting
the Advanced Booster goal of reducing risk in the areas of affordability, perform-
ance, and reliability. Specifically, the NRA solicits proposals that will: (1) provide
an Advanced Booster concept in response to a set of top level performance require-
ments; (2) identify liquid and/or solid booster high risk areas; (3) provide related
hardware demonstrations on how risk can be mitigated; and (4) identify high risk
areas associated with adaptation of Advanced Booster technology to SLS. NASA has
identified potential target areas for risk mitigation. However, other high value dem-
onstration proposals for liquid or solid rocket designs for target areas beyond those
specifically identified are requested.

This effort is important in order to ensure that NASA will be able to evolve the
SLS from its initial 70-metric-ton capability to the final 130-metric-ton capability,
which will enable a variety of human missions to deep-space destinations. The NRA
phase for the Advanced Booster is anticipated to be 30 months. NASA anticipates
initiating a full and open competitive Design, Development, Test and Evaluation
(DDT&E) procurement for the Advanced Booster system in FY 2015 with contract
award anticipated in FY 2016.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. KAY BAILEY HUTCHISON TO
HoON. CHARLES F. BOLDEN, JR.

Question 1. During the hearing, you and I had an exchange regarding a question
I posed regarding the issue of establishing the appropriate development budget
planning for the Space Launch System. It appeared to me there was some apparent
misunderstanding or miscommunication regarding the precise nature of the ques-
tion, resulting in an incomplete or unclear response. The issue and concern prompt-
ing that question is of such importance that some follow-up is necessary, and useful
to provide an opportunity for greater clarification for the hearing record. The ques-
tion, I believe, is fairly straightforward but I will restate it perhaps more clearly,
and with the background that prompts it.

The context for the question was the meeting in my office on September 13th of
this year, with Jack Lew, Director of the Office of Management and Budget, Rob
Nabors, and yourself and your Deputy Administrator, along with Senator Nelson
and members of our respective staffs. The purpose of that meeting was to have a
definitive discussion with Mr. Lew on the Administration’s position regarding the
selection of the reference design for the Space Launch System (SLS) as required by
the 2010 NASA Authorization Act (P.L. 111-267). Mr. Lew indicated that after seri-
ous and thorough consideration, the Administration had made the decision to sup-
port the development of SLS following the basic reference vehicle design presented
in the Ninety-Day report provided to the Congress the previous January 10th. He
indicated that it was clearly going to be a challenge to identify and provide re-
sources to support that development, but that he was committed to work with the
Congress to do so and meet the letter and intent of the law with regard to that de-
velopment. That welcome news was matched by a commitment by Senator Nelson
and myself to make our best efforts, in working with NASA and Administration offi-
cials, to achieve those objectives. Contrary to what you indicated during the hearing,
there was no specific discussion of funding levels or capability milestones during the
meeting and thus none were agreed to, beyond the broad commitment to jointly seek
to ensure the development could proceed—obviously, from my point of view, as out-
lined in the legislation.

Prior to that meeting, the Committee had been informed of the data provided to
the Booz Allen corporation in late June to enable it to conduct an independent as-
sessment of the cost basis for what had been determined by you, I understand, on
June 22 as the proposed reference vehicle design, and which had formed the basis
for that portion of the NASA FY 2013 budget submission then under development.
That was, of course, prior to a formal Administration decision to support the vehicle
design selection. The budget profile presented for review at that time, and as pro-
vided to the Committee, reflected a $1.3B annual funding level for the procurement



58

portion of the development activity. (With the addition of personnel costs and other
associated ground support costs, etc., the combined total annual funding level would
be roughly $1.8B annually, but the focus was on the procurement portion of the ac-
tivity, and I referenced that number, as the only number formally available to the
Committee at that time other than the number in the FY 2012 Budget Request,
which of course had yet to be dispositioned by the Congress at that time.)

My question was and still is, simply stated, the following:

Given the “official” notification by Mr. Lew in our meeting of a decision to proceed
with the SLS vehicle development on September 13, and the commitment to seek
to identify the necessary resources to successfully pursue that development in a
manner meeting the requirements and objectives of the law, would it not make
sense to expect that the Agency would be provided the opportunity to revisit its FY
2013 budget submission, now “armed” with that commitment, and make the case
for a modification of the “pre-decisional” budget profile in a manner that might more
closely achieve at key aspect of the statutorily-described capabilities of the SLS?
Namely, that the core elements of the evolvable SLS vehicle design would be avail-
able (the law described a “goal” of December 31, 2016) to provide backup crew and
cargo launch capability to service the ISS in the event either commercially-devel-
oped capabilities or international partner-provided capabilities might not be active
or available at that time. Clearly, the pre-decisional profile reviewed by Booz-Allen,
with a cargo capability available by end of 2017 and a crew capability not available
before 2021, would not meet that required capability, especially with respect to crew
capability, since that would not be available until after the end of the currently-com-
mitted period of U.S. utilization and support of ISS through the year 2020.

Answer. As provided previously, the President and I are committed to ensuring
America’s continued preeminence in launching a new era of human space flight that
takes us beyond where we have ever gone before. NASA shares Congress’ goal of
sustaining U.S. leadership in space exploration and is committed to implementing
the SLS that Congress authorized in the NASA Authorization Act of 2010. Our ex-
ploration systems and the scientific and technical advances produced by the ISS, in
concert with timely development of our critically important commercial crew and
cargo capability, support NASA’s long-term exploration program. SLS and Orion
MPCV without commercial crew and cargo and vice versa would leave a critical void
in our human and robotic exploration program.

The SLS reference vehicle design that was selected last year was the result of
thorough analyses based upon stakeholder requirements that were levied upon the
Agency. Among the requirements included using existing hardware and contracts to
the maximum extent practicable to minimize development costs and schedule. After
conducting this analysis, the Agency decided to use the current reference vehicle de-
sign. Based on our estimates for development, manufacturing and testing of the ref-
erence vehicle design, the first flight is scheduled to occur in 2017. Additional fund-
ing would not accelerate this schedule, however it would increase the confidence
that the schedule could be met. NASA is assessing the option of accelerating the
first crewed flight currently scheduled for 2021 given the Agency’s projected funding
profile. As part of the FY 2014 budget formulation process, NASA will be analyzing
the technical and budgetary feasibility of accelerating the flight.

As a result of the current fiscal environment, NASA’s appropriation in 2012 was
$1.8 billion below the authorized level, and $700 million below the 2011 level. In
this context, resources allocated to the development of our human exploration vehi-
cles must be balanced as part of the larger portfolio of programs and projects sup-
ported by NASA, and authorized by—and with appropriations from—the Congress.
The President’s Budget Request for FY 2013 would fund the Orion MPCV at $1.02
billion, and the total SLS request of $1.885 billion, which includes $1.34 billion for
the SLS vehicle development plus $404.5 million for Exploration Ground Systems
(EGS) which had previously been carried under the SLS line, in addition to $140.4M
of SLS and EGS related construction of facilities. EGS will develop all of the nec-
essary launch site ground systems to enable the assembly, testing, and launch of
the SLS elements. The funding related to construction of facilities will be used to
modify test and launch facilities in support of the SLS launch vehicle.

Question 2. During the hearing, both in response to the question repeated above,
and in response to other questions raised by Members, you stated “I don’t have more
money. I'm not going to get more money.” As an expansion on my previous question,
can you state for the record the basis for that statement? Subsequent to the meeting
on September 14, were you provided, or did you request, an opportunity to dem-
onstrate the need for “more money” in order to advance the development milestones
for SLS in a manner more consistent with the objectives of the law? If so, was either
that opportunity denied, or if you were able to make the case for increased funding,
was that denied? I recognize that you could perhaps be instructed that the answer
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to such a question might be precluded on the grounds of internal Administration
“pre-decisional” discussions. However, what I am asking about relates to a conversa-
tion held with the Director of the Office of Management and Budget, and goes to
the heart of whether the degree of willingness to materially support the SLS devel-
opment with adequate resources to meet prescribed Congressional preferences and
intent changed as a result of that conversation. A negative response or a refusal to
respond will not inspire confidence that the commitment to “work together to find
adequate resources to successfully develop the SLS” as made in that meeting,
should be considered a credible commitment.

Answer. As previously noted, NASA is committed to the development of the SLS.
Our budget formulation for 2013 was guided by the Congressional guidance pro-
vided in the NASA Authorization Act of 2010 and taking into account the 2012 Ap-
propriation reductions from that. Our analysis of SLS funding requirements re-
sulted in the final funding level requested for SLS vehicle development supported
by the separate funding lines requested for EGS and Construction of Facilities.
While the specifics of the budget formulation process are pre-decisional, as the ques-
tion suggests, NASA has worked closely with OMB on the development of the Presi-
dent’s FY 2013 budget request for the Agency. The requested funding will enable
the Agency to develop, test and launch the SLS and Orion MPCV first uncrewed
flight in 2017 and the first crewed flight in 2021. Concurrently, the Agency con-
tinues to aggressively pursue cost-savings initiatives to increase schedule confidence
and robustness and reduce development costs. The SLS, Orion MPCV and EGS pro-
grams have already initiated several affordability efforts including streamlining gov-
ernment oversight and insight, incrementally building and testing vehicle capabili-
ties, reducing the number of contractor formal deliverables, and streamlining proc-
esses while maintaining adequate rigor.

Question 3. In response to a question from Senator Rubio during the hearing, you
indicated that one of your responsibilities was to live within your budget. I certainly
cannot disagree with that. However, would you also agree that one of your respon-
sibilities, in service to the President, and as NASA Administrator, is to tell the
President directly what budget your Agency would need to more faithfully execute
the Congressional Act, which he signed into law? Would you agree that such a con-
versation with the President is within the scope of your prerogatives as a direct ap-
pointee of the President, and cannot be precluded or over-ridden by conflicting guid-
ance from the Office of Management and Budget or any official of that Office?

Answer. Yes, such conversations are within the scope of my prerogatives as a
Presidential appointee and I have had discussions with the President and his staff
about priorities. While the intent is to continue to implement the direction given in
the Authorization Act, the timing of that implementation must be dependent on the
funding annually appropriated by the Congress and within the constraints of real-
istic outyear planning in a tight fiscal environment.

Question 4. Given the fact that the SLS, certainly in its initial development phase,
will be using mostly technology, systems and infrastructure that are well-known
and understood, I assume we should not expect any major delay to development of
the full vehicle because of technology challenges. Would you agree with that, and,
if not, would you provide your rationale for the technical challenges you believe im-
pose significant challenges for the development schedule of the SLS?

Answer. Per direction in the NASA Authorization Act of 2010 (P.L. 111-267),
NASA is using existing contracts in the development of SLS to the extent prac-
ticable. NASA does not anticipate significant technical challenges in the develop-
ment of the SLS, but it should be noted that this approach, while sound, does not
eliminate all potential technical challenges. The use of existing technologies in a
new vehicle necessitates the integration of different systems, and this integration
poses technical challenges. In addition, in seeking to provide the most effective
boosters for the SLS, NASA is planning to compete the advanced boosters for the
SLS. On December 12, 2011, the Agency released a draft NASA Research Announce-
ment for Advanced Booster Engineering Demonstration and/or Risk Reduction, with
the final NRA anticipated to be released in February of 2012. The advanced boosters
could be solid or liquid, and the amount of off-the-shelf content used is to be deter-
mined. NASA will work to ensure that any technical challenges are resolved expedi-
tiously and that the SLS schedule milestones are met.

Question 5. Is it accurate to assume that the 2017 date for the first operational
un-crewed flight of the SLS and Orion Multi-Purpose Crew Vehicle together, and
the first flight with crew in 2021are dates that—especially the 2021 date—could be
moved sooner in time if adequate or additional funding were made available? Please
provide documentation supporting your response.
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Answer. NASA’s plans include an uncrewed system test flight of the Orion and
SLS in 2017, and a crewed test flight in 2021. It is important to note that while
the availability timeframes of these vehicles could potentially be impacted by in-
creased funding, the development of the spacecraft, the launch vehicle, and the sup-
porting infrastructure must be carefully coordinated so that all three elements will
be operationally available at the same time. In planning the development and inte-
gration schedules of Orion, SLS, and Exploration Ground Systems (EGS) efforts,
NASA has worked to ensure that the flow of resources would support this goal.

NASA is currently conducting an integrated technical, schedule, and cost review,
which will be completed late this summer. The results of this review will help NASA
assess the degree to which it might be possible to accelerate the crewed SLS/Orion
MPCYV test mission, currently scheduled for 2021.

Question 6. As you know, we experienced considerable frustration over the past
year waiting for a final decision and announcement on the SLS vehicle design. We
now have the consensus and agreement we were seeking. However, the Committee
continues to have its oversight responsibility so I want to be sure you understand
that we will continue to want the regular updates we have been receiving and to
be made aware of any issue that might come up that could cause a delay in moving
forward. Will you and your senior program officials continue to supply the Com-
mittee with biweekly updates on the SLS and Orion?

Answer. NASA recognizes and welcomes its responsibility to keep the Congress
informed of the progress of its efforts, and senior program officials look forward to
continuing to provide the Committee with biweekly updates on SLS, Orion, and
EGS, as well as any issues that could cause a delay in moving forward.

Question 7. At the SLS Industry Day held at the end of September in Huntsville,
NASA officials discussed plans for contract modifications for Core and Upper stage,
Avionics, and Boosters. For those elements of the SLS where current contracts can
be used and simply modified as needed to redirect work toward SLS activities, can
you provide the status of those contract discussions? Is work now taking place under
those revised contracts? If so, would you please describe that work in your answer
to these questions?

Answer. Since the SLS architecture announcement in September 2011, NASA has
taken numerous procurement actions consistent with Agency planning. An SLS ac-
quisition strategy overview was released on September 22, 2011. This overview de-
fined the procurement plans to utilize existing assets to expedite development, as
well as further development of technologies and future competitions for advanced
systems and key technology areas specific to SLS evolved vehicle needs. This gen-
eral synopsis was followed by specific synopses announcing NASA’s intent to pursue
Justifications for Other than Full and Open Competition (JOFOCs) to use the exist-
ing Upper Stage contract for the SLS Stages (including the Core and Upper Stages)
and to use the existing J-2X engine contract for the SLS Upper Stage Engines and
Core Stage Engines. To gain efficiencies, it was determined that the avionics effort
will be incorporated into the Stages contract scope. The current booster contract will
be utilized for the use of for five-segment solid rocket boosters for the initial SLS
missions.

Following the release of these statements, NASA authorized SLS work to begin
under undefinitized contract actions (UCAs) for Stages, Engines, and Boosters pend-
ing negotiation of final contract modifications for these efforts. A UCA combining
the efforts of the RS—25D and J-2X engines was issued on December 1, 2011. A
UCA for the Space-Shuttle-derived solid rocket boosters to support initial design
and development efforts and supply boosters for the first two test flights was issued
on December 16, 2011. A UCA for SLS Stages (Consisting of the Core Stage, Upper
Stage and Avionics) was issued on December 16, 2011. The UCAs permit NASA and
the contractors to perform critical and urgent work on SLS while the contracts
modifications are definitized through the summer and fall of 2012. This includes
continued testing of the J-2X, shipping of RS—25D engines to Stennis Space Center
for qualification and testing, initial design and testing of the Core Stage structure,
and preparations for the first five-segment solid rocket motor qualification test in
2013.

In addition, on December 12, 2011, a draft NASA Research Announcement (NRA)
was released for the Advanced Booster Engineering Demonstration and Risk Reduc-
tion and Development contracts. On December 15, 2011, the NRAs were openly dis-
cussed in an Industry Day at Marshall Space Flight Center, which was attended
by over 64 different potential bidders. The SLS Program held separate meetings
with many of the bidders to obtain feedback on the Draft NRAs to improve the final
release product. The final NRA was issued in February 2012.
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Question 8. As you know, I am keenly interested in the full utilization of the
Space Station, especially the portion designated as a U.S. National Laboratory. The
Committee has included language in each Authorization Act since 2005 to help
guide the establishment of the ISS as a national laboratory, and to ensure it meets
clear policy and process objectives intended by the Congress and in a manner best
defined last year in the “Reference Model for the International Space Station U.S.
National Laboratory,” a study commissioned by NASA and published in September
of 2010. You mention this new relationship briefly in your statement, but can you
describe, in detail, how this partnership will work between NASA, the space station
operations management, and the independent non-profit entity that will manage the
National Laboratory? Please include a description of any deviation from either the
submitted—and accepted—proposal provided by CASIS, or the subsequent Coopera-
tive Agreement between NASA and CASIS, and the relevant explanation, justifica-
tion and supporting documentation for any such deviation.

Answer. Following the direction of the NASA Authorization Act of 2010 (P.L. 111-
267), proposals were solicited in early 2011, and in 2011, the Center for the Ad-
vancement of Science in Space (CASIS) was awarded a cooperative agreement to
manage the non-NASA use of the ISS National Laboratory. As the cooperative
agreement states, CASIS will work with NASA to expand utilization of the ISS and
to develop new sources of investment in ISS research through the use of innovative
management tools. The relationship between NASA and CASIS will be such that
CASIS can execute its responsibilities as defined in the cooperative agreement inde-
pendently of NASA. CASIS will be judged on its performance of the tasks they agree
to with NASA, as documented in the annual program plan. Space station operations
management will execute the research that CASIS brings forward, in a manner
similar to research currently executed for the International Partners.

There are differences between the CASIS proposal and the methods in which the
cooperative agreement is being performed, but these changes are not unusual for co-
operative agreements. CASIS has filled several key positions with individuals other
than those identified in the original proposal. Several positions have also been modi-
fied or added; the Director of External Affairs and the Director of Development posi-
tions have been replaced by the Director of Community Engagement, Public Rela-
tions, and Communication, and a Director of Economic Valuation and a Director of
Marketplace Development have been added. In addition, CASIS brought several
functions in house that were originally proposed to be performed by subcontractors,
most significantly the performance dashboard and project valuation methodologies
that are proprietary to Pro Orbis LLC, one of the partners identified in the CASIS
proposal. However, these personnel and subcontracting decisions have been dis-
cussed with NASA and are within the discretion of the recipient of a grant or coop-
erative agreement, per NASA’s regulations as found in 14 CFR Part 1260. CASIS
has also proposed to establish an Economic Collegium to provide economic and busi-
ness advice, analogous to the function of the Science Collegium in scientific and
technical issues. While not described in the proposal, the Economic Collegium ap-
pears to be a reasonable concept, and NASA has no objections to this development.

Another departure from the CASIS proposal in the method used to appoint the
permanent board of directors. The CASIS proposal described a Board consisting of
ex officio members including the Chairs and Ranking Members of NASA’s House
and Senate authorizing committees, the NASA Administrator, and senior officials
from Federal agencies active in research and development. Staff from the Office of
Science and Technology Policy and the Office of Management and Budget, together
v;ithBthe é\IASA Administrator, would have been tasked with selecting candidates for
the Board.

However, Federal employees serving in the specific roles contemplated by the by-
laws issued by CASIS under Florida law would need to exercise fiduciary respon-
sibilities prohibited by 18 U.S.C. §208, a Federal statute on conflicts of interest.
After considering the merits of governance structure, NASA management deter-
mined that even non-fiduciary board positions by Federal officials would represent
an inappropriate level of Federal involvement in CASIS’ internal governance. How-
ever, NASA is very much in accord with the intention of the original proposal to
ensure that the experience of key Federal stakeholders is applied to assist CASIS
in recruiting a balanced and skilled board. NASA is working with Executive and
Legislative branch stakeholders to define an alternative Board process and structure
that will provide a broad venue for Federal input into CASIS’ board selection, while
at the same time providing CASIS with appropriate latitude to meet its governance
obligations under the cooperative agreement. This work is still underway, but sig-
nificant progress has been made. NASA will keep Congress apprised of develop-
ments.
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RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. JOHN BOOZMAN TO
HoN. CHARLES F. BOLDEN, JR.

Question 1. Human exploration beyond Low Earth Orbit requires some common
elements, such as a heavy lift rocket like the Space Launch System and an ascent
and descent spacecraft like Orion. Other elements such as in-space propulsion, space
exploration vehicle, and long duration habitat have been said to be required for as-
tronauts to perform meaningful exploration missions. When might such elements be
expected to be designed, built, and used? Are there other elements besides these
which might be required? When would they be proposed and in what time-frame
might they be expected to come on line?

Answer. NASA is pursuing a capabilities-driven architecture approach to human
spaceflight exploration planning, which in turn drives the system development and
technology prioritized investments. Architecture and analysis efforts are ongoing, to
include continuing studies on initial destinations for the first test flights of the
Space Launch System (SLS) and Orion Multi-Purpose Crew Vehicle (MPCV) as the
basic elements of the system. The SLS and Orion MPCV are being designed to pro-
vide capabilities for a variety of deep space missions to multiple destinations includ-
ing the Moon, asteroids, the moons of Mars, and ultimately the surface of Mars. Be-
sides near-Earth asteroid rendezvous flights, these systems could be used to support
circum-lunar navigations and flights to Earth-Moon Lagrange points. Lagrange
points are gravitationally stable regions created by the interaction of the gravity
fields of any two large masses; an object placed a Lagrange point will tend to stay
in place for a long time. These could therefore be excellent locations in which to
place habitation modules to study long-duration expeditions away from low Earth
orbit (LEO), conduct developmental systems tests, enable tele-robotic operations,
and execute science activities. Beyond this initial capability, SLS and Orion MPCV
could support eventual missions to the moons of Mars—Deimos and Phobos and the
surface of Mars itself, with incremental upgrades. In addition, NASA has been
working with the National Research Council (NRC) to develop Technology roadmaps
for the Agency. Much like the Science decadal surveys, these roadmaps will help
guide the Agency’s investment strategy to ensure NASA is advancing the technology
it needs for future human exploration. These roadmaps will help inform Agency de-
cisions about the specific timeframes for the development of additional elements
needed for exploration missions.

In further support of such development, and consistent with NASA’s technology
roadmaps, the Human Exploration and Operations Mission Directorate’s (HEOMD)
Advanced Exploration Systems (AES) Program is pioneering new approaches for
rapidly developing prototype systems, demonstrating key capabilities, and validating
operational concepts for future human missions beyond Earth orbit. Early integra-
tion and testing of prototype systems will reduce risk and improve affordability of
exploration mission elements consistent with the capabilities-driven exploration ar-
chitecture. The prototype systems developed in the AES program will be dem-
onstrated in ground-based test beds, field tests, underwater tests, and flight experi-
ments on the ISS. Many AES projects will evolve into larger integrated systems and
mission elements that will be tested on ISS before we venture beyond Earth orbit.
The AES Program is developing a deep space habitat, a crew excursion vehicle, reli-
able life support systems, advanced spacesuits, radiation protection, and autono-
mous systems to assist the crew with mission operations. The Space Technology Pro-
gram is developing capabilities for cryogenic propellant storage, in-space propulsion,
power generation and energy storage, and advanced robotics. The goal is to dem-
onstrate these new capabilities by 2020 to enable human missions in the next dec-
ade. The AES and the Space Technology Programs will work closely together to in-
corporate and integrate new technologies and innovations as they are matured to
the point of infusion.

Question 2. NASA Exploration will undoubtedly be aided by research conducted
in low earth orbit to develop and test technologies as well as operational concepts.
What type of exploration-related research is currently planned and how exactly does
the International Space Station fit into NASA’s exploration plans? Also, how crucial,
and in what capacity would the Commercial Resupply Service and the Commercial
Crew Program be in facilitating a successful Exploration Program?

Answer. The ISS is vital element of NASA’s science and technology development
effort to enable safe, affordable, and sustained human exploration of deep space. As
NASA’s only long-duration flight analog for future human lunar outpost missions
and Mars transit missions, it provides an invaluable laboratory for research with
direct application to the exploration requirements that address human risks associ-
ated with deep space missions. The ISS is the only space-based multinational re-
search and technology test-bed available to identify and quantify risks to human
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health and performance, identify and validate potential risk mitigation techniques,
and develop countermeasures for future human exploration.

The ISS research portfolio includes human research and the development of coun-
termeasures to reduce the deleterious effects of microgravity for long-duration explo-
ration missions. Experiments being conducted on the ground and aboard ISS will
help us understand and mitigate the negative impacts of extended exposure to the
microgravity environment on the human body. Such impacts include decalcification
of bones, muscle atrophy, and radiation exposure. The development of technologies
and techniques to counter these effects is critical to deep-space missions. ISS crews
are conducting human medical research to develop knowledge in the areas of clinical
medicine, human physiology, cardiovascular research, bone and muscle health,
neurovestibular medicine, diagnostic instruments and sensors, advanced ultrasound,
exercise and pharmacological countermeasures, food and nutrition, immunology and
infection, exercise systems, and human behavior and performance.

As a technology development and demonstration platform for exploration, the ISS
is currently being utilized to demonstrate advances in life support systems, robotics
for crew support and spacecraft servicing, and space-durable materials. NASA is
also funding technology development activities that will eventually be demonstrated
onboard the ISS such as EVA systems, radiation monitoring, docking systems, and
autonomous mission operations. These and other technology development activities
are being driven by NASA’s overall exploration goals to extend human presence be-
yond LEO to near-Earth objects (NEOs), and eventually to Mars. NASA is also ex-
ploring how the ISS elements and program infrastructure can be utilized to enable
or enhance exploration.

A robust cargo and crew transportation architecture is critical to ensuring full uti-
lization of ISS—including conducting the research efforts that will support the de-
velopment of long-duration exploration missions beyond LEO. The Commercial Re-
supply Services (CRS) and Commercial Crew Program (CCP) efforts will create and
leverage affordable operations in LEO, including the transportation and rescue of
crew and transportation of cargo to and from ISS, and will enable U.S. industry to
support NASA and other Government and commercial users safely, reliably, and at
a lower cost. The commercial crew and cargo systems that support ISS will also en-
able NASA to focus its own development efforts on the Orion MPCV and SLS, which
will send U.S. astronauts on missions of exploration beyond LEO.

Question 3. Recently the International Space Exploration Coordination Group
published the Global Exploration Roadmap. This group seems to be an opportunity
to form partnerships for exploration which would potentially reduce the burden on
the U.S. taxpayer. How does the Global Exploration Roadmap fit within NASA’s
own Exploration plans? Could it be expected to be of assistance and particular value
in a constrained budget situation? How does the recent announcement of the Space
Launch System and Multi-Purpose Crew Vehicle position NASA to lead an inter-
national team? Do you envision the Global Roadmap leading to international agree-
ments for the purpose of supporting Exploration? Are there any specific elements
or systems which NASA is looking to partner on?

Answer. NASA shares the belief of its current and potential partners that chal-
lenging and exciting exploration missions will be international in nature. Therefore,
the Agency is actively engaging with the international community, facilitating ef-
forts to collaboratively set the stage for human exploration missions of the future
through both the ISS partnership and in the International Space Exploration Co-
ordination Group (ISECG). Space agencies, including NASA, are looking for near-
term opportunities to coor>dinate and cooperate that represent concrete steps to-
ward enabling the future of human space exploration across the solar system. In
September 2011, the initial version of the Global Exploration Roadmap (GER) was
released by the ISECG members. Updates and refinements are planned in 2012.
The GER represents a set of scenarios for NASA and the international space agen-
cies to consider as they move forward in defining long-term plans for the exploration
of deep space, with a human landing on Mars as the ultimate destination.

The construction and operation of the International Space Station (ISS)—a cooper-
ative venture among the space agencies of the U.S., Russia, Europe, Japan, and
Canada—has demonstrated the benefits of collaborating with international partners
on large, complex human space projects. The ISS partner agencies and the space
agencies of the ISECG are forging future exploration plans and concepts in a multi-
lateral arena, which are strongly guided by NASA’s architecture, systems, and mis-
sion planning effort. Multiple participants bring a depth of technical expertise, dem-
onstrated capabilities, and funding resources that are vital to our collective success
in these challenging endeavors. While the specific partners and their roles in future
deep space exploration projects have not yet been defined, NASA anticipates that
the human exploration of the solar system will be carried out under an international
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effort, with various nations focusing on particular capabilities, and views the ISECG
and the GER as important tools in identifying potential future partnerships. NASA’s
own plans to develop the Orion Multi-Purpose Crew Vehicle (MPCV) and heavy-lift
Space Launch System (SLS) are examples of capabilities that the United States will
be able to offer to a future international deep space exploration venture. They rep-
resent strong foundational capabilities for an international exploration effort and po-
sition NASA very well to play a lead role.

Question 4. In your testimony you state that Orion meets the MPCV requirements
and that no contract changes need to be made through the development phase of
MPCV. In response to my question during the hearing, with regard to when the de-
velopment phase of the MPCV is expected to be complete, you responded that you
would provide that answer for the record. Please do so as a part of your response
to these questions.

Answer. NASA determined that Orion met the technical requirements for MPCV,
and further determined that the contractual partnership with Lockheed Martin Cor-
poration maps well to the scope of the MPCV requirements outlined in the NASA
Authorization Act of 2010 (P.L. 111-267), and the current contract will be used for
the development phase of the MPCV. NASA is planning that the Orion vehicle will
fly an uncrewed Exploration Mission 1 (EM-1) in 2017 (early FY 2018) and Explo-
ration Mission 2 (EM-2) with a crew in 2021 (early FY 2022).

The Orion Crew Exploration Vehicle (Orion CEV) is being transitioned into the
Orion Multi-Purpose Crew Vehicle (Orion MPCV). A thorough contract scope assess-
ment was performed of the suitability of the existing CEV contract with Lockheed
Martin. The original contract, Orion CEV Contract NNJO6TA25C, has the flexibility
to implement a fully capable beyond-LEO spacecraft. Contract changes occur as re-
quired to focus efforts of the contractor, for example on test articles for environ-
mental and loads testing in support of Exploration flights through 2021. The current
vehicle development schedule and resulting qualification tests will be completed in
FY 2018.

Question 5. Regarding the competition for the advanced booster, what is the
planned timeline, from start to finish? How firm are these timelines? In addition,
how will NASA ensure that the competition for the advanced booster project will
be executed in fair manner? Could you give details regarding these steps?

Answer. A draft Advanced Booster risk reduction draft NASA Research Announce-
ment (NRA) was issued on December 12, 2011. The final NRA was issued on Feb-
ruary 9, 2012 as a full and open competition and is expected to result in multiple
contract awards for companies to work on risk reduction efforts for advanced booster
concepts prior to the actual Design, Development, Test and Evaluation (DDT&E) of
the final booster configuration. The SLS Advanced Booster Engineering Demonstra-
tion and Risk Reduction acquisition effort will increase affordability, performance,
and reliability confidence of an Advanced Booster concept which will enable SLS to
evolve to a 130-metric-ton lift capability, and reduce risks for both liquid and solid
Advanced Booster concepts. The SLS Advanced Booster will require a significant in-
crease in thrust compared to existing U.S. solid and liquid boosters. The Advanced
Booster Engineering Demonstration and Risk Reduction NRA has an anticipated
performance period between October 2012 and March 2015. The notional DDT&E
contract will be solicited in the 2015-2016 timeframe, after results are received from
the risk reduction effort. The SLS Program is targeting the first flight of the Ad-
vanced Booster for the third SLS flight in the 2023 timeframe.

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. MARCO RUBIO TO
HoN. CHARLES F. BOLDEN, JR.

Question. Mr. Administrator, I sent you a letter in May about the delayed design
plans for SLS and the much delayed workforce transition report. A 2008 appropria-
tions law required NASA to submit this report every 6 months until the next human
spaceflight vehicle is fully operational.

Despite not receiving a response to my letter or a plan for releasing the report,
I was pleased to see that the latest workforce transition was released in October.
However, that was over 2 years since the previous report from July 2009. In the
meantime, thousands of Floridians, and aerospace workers around the country, were
laid off or forced to move jobs. Yet NASA was not providing an up to date strategy
letting these workers know what the agency planned to do. Can you see how this
would discourage the space workforce in Florida and at other centers? Moving for-
ward, does NASA intend to update this report every 6 months?

Answer. NASA is committed to keeping the Congress and the workforce apprised
of its transition activities. The Agency recognizes that its greatest asset is its peo-
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ple—the thousands of individuals across the country in both Government and indus-
try who conceive, design, build, operate, and manage an ambitious program of space
exploration on behalf of the Nation. NASA began preparing for Space Shuttle retire-
ment in 2004, and a key part of that effort involved workforce transition. This array
of activities included keeping the workforce up to date on the progress of transition,
as well as: conducting surveys; matrixing employees; providing training and em-
ployee support programs; and working with Federal, state, and local agencies to as-
sist the workforce in developing skills and finding new job opportunities. For exam-
ple, to help the workforce develop skills and find jobs, the Centers, companies, and
workforce organizations have come together to host numerous job fairs (live and vir-
tual) and company showcases with hiring managers; offer extensive training in re-
sume writing, job search skills, and interviewing skills; provide one-on-one coun-
seling; and provide access to resources such as entrepreneur training. In addition,
NASA has partnered with departments of Commerce and Labor, Small Business Ad-
ministration, as well as other organizations to support the work of the Centers, com-
panies, and workforce boards.

In 2009, NASA established the Space Shuttle Transition Liaison Office (SSTLO)
in response to direction in the NASA Authorization Act of 2008 (P.L. 110-422). The
Agency was directed to assist local communities affected by the termination of the
Space Shuttle program by offering nonfinancial, technical assistance to the identi-
fied communities and to identify services available from other Federal, State, and
local agencies to assist in such mitigation. Specifically, the Office:

e Serves as a clearinghouse by gathering and disseminating information to the af-
fected communities about opportunities available through other Federal, State,
and local agencies; and,

e Serves as a key point of contact for the community beyond NASA for informa-
tion about how the Agency was working with local communities to provide non-
financial, technical assistance during transition.

While the conclusion of the Space Shuttle Program and the cancellation of the
Constellation Program have been very challenging, resulting in the displacement of
many skilled, dedicated people, NASA and its industry partners have always en-
deavored to keep civil service and contractor employees up to date on the status of
their programs and transition opportunities.

In terms of keeping Congress apprised of the status of transition efforts, a key
component of the Workforce Transition Strategy update is the workforce projection
table. The period from 2009 to 2011 included a reassessment and reformulation of
NASA’s human spaceflight program, during which the development of outyear work-
force projections was not feasible. In June of 2010, NASA provided Congress with
a qualitative white paper covering workforce transition efforts (and in particular,
the creation of the SSTLO). In addition, NASA continued to keep Congress apprised
of workforce reductions related to the ramp-down of the Space Shuttle Program.
NASA provided a Workforce Transition Strategy to Congress in September 2011 and
will continue to provide updates every 6 months with the next report to be delivered
in April 2012.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. KAY BAILEY HUTCHISON TO
ROBERT D. CABANA

Question 1. In May the administration announced its decision to proceed with the
Orion contract and in September it announced its plans and architecture for SLS.
Since the announcement of decisions to proceed with Orion and the SLS, what has
your Center been able to do that it previously was unable to accomplish?

Answer. With the respective May and September announcements, the Exploration
Ground Systems line within the Ground System Development and Operations Pro-
gram at KSC has transitioned its development focus beyond enabling basic launch
facility and systems capability to formalizing conceptual feasibility studies con-
sistent with the SLS and Orion architectures. The GSDO Program conducted a for-
mal Mission Concept Review (MCR) in November to establish ground system mis-
sion, needs, goals and objectives that were consistent with the SLS/Orion architec-
tures. Additionally, ground system feasibility trades were evaluated against cost,
schedule, technical and schedule parameters. In January, a Key Decision Point
(KDP) review was conducted at the Agency Program Management Council (APMC)
assessing our MCR results. The APMC and the independent Standing Review Board
(SRB) concluded that our concepts were feasible and fit within the required param-
eters %dp the Program was formally approved to proceed into formulation and the
next .
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Question 2. With regard to the announcement of the decision on the Space Launch
System, has your employee and contractor workforce become more stable subse-
quent to that announcement? Are you expecting any more layoffs or major adjust-
ments in workforce?

Answer. Yes the employee and contractor workforce has become more stable and
while we expect additional layoffs after completion of Shuttle transition and retire-
ment, the announcement of the architecture and the projected manifest through
2017 and beyond enables higher fidelity planning which will support even greater
stability. As for the individuals who were laid off, a number of them have already
found employment with other contracts in support of the Orion and Ground Systems
Development and Operations programs, as well as with employers across the region
and country through our workforce transition efforts.

Question 3. You each represent Centers with historically major responsibilities for
human space flight programs. Obviously, there are many capabilities and consider-
able expertise at NASA Centers throughout the country. Would you please describe
the specific steps you are taking to maximize the NASA “Talent Pool”, wherever it
is physically located, to not only help you fulfill your primary Center Roles, but con-
tribute to the improved efficiency and effectiveness of NASA as a whole?

Answer. The Kennedy Space Center Workforce Planning Office is currently as-
sessing critical skill demands against existing workforce supply (post buyout) to pro-
vide senior managers recommendations for optimally utilizing the existing current
work force’s skills, identify re-training opportunities, and identify unique skill set
hiring requirements that can be achieved external to our current work force. These
include potential hires from across the Agency and those positions, which can be
filled with recent graduates. The Commercial Crew Program is designed to utilize
employees at multiple Centers (primarily KSC and JSC), and the Ground Systems
Development and Operations Program, SLS, and MPCV programs work closely
across KSC, MSFC, and JSC. KSC has always supported details and hires of other
NASA Center employees into our workforce and details and hires of our workforce
to other NASA Centers.

Question 4. You have recently stated that Kennedy Space Center is to become a
multi-user spaceport. With limited resources and facilities what is the operational
concept and how will priority be established between programs? How will the Air
Force range modernization be factored into your activities—or budget?

Answer. With the reduction in launch manifest from the Space Shuttle to SLS
program—coupled with commercial acquisitions of low-Earth orbit transportation
(Commercial Orbital Transportation Services (COTS), Commercial Crew Program,
etc.—KSC assets are being made available for commercial use. The multi-user ap-
proach will allocate underutilized facilities to these and other commercial providers,
and KSC’s experienced operations workforce will ensure compatibility between var-
ious users. Projected manifests can be supported within available capabilities. If de-
mand grows beyond capabilities, NASA programs will be given priority.

Air Force modernization of the Eastern Test Range remains in the program budg-
et. Working with the 45th Space Wing, targeted projects that enable a robust multi-
user spaceport are currently being performed to improve various capabilities on the
range. The 21 Century Space Launch Complex (21CSLC) provides funding thru
FY2017 to continue NASA priority range modernization projects

Question 5. Can you describe what work needs to be performed on the new Mobile
Launch Platform to support the new configuration and weight of the SLS? Can the
Crawler and Crawler-way support the overall SLS core and upper stage weight?

Answer. The new Mobile Launcher (ML) will be modified from the previous Ares
I “single-stick” configuration to the SLS/Orion configuration, which includes a liquid
stage core and various first stage booster options. Under the Constellation program,
the structure and basic facility capabilities were completed, but outfitting with
ground support equipment (GSE) was canceled during program transition. For SLS/
Orion, the ML base structure will undergo significant modifications, the ML tower
will receive minor modifications, and new GSE outfitting will be performed.

To support the weight of the SLS/Orion and modified ML, the crawler-way has
undergone extensive study and field analysis to verify compatibility with the higher
anticipated rollout weight. To support SLS/Orion, one crawler-transporter will be
modified and modernized. Design has been performed and modifications have com-
menced. When complete, the ML and refurbished crawler will support anticipated
SLS configurations.

Question 6. What are the current plans for use of Pad 39A? Will it be mothballed
or do you anticipate other potential uses?

Answer. Launch Pad 39A is currently being mothballed in the current Space
Shuttle configuration. In some cases, to minimize cost to Pad 39B and the new SLS
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Mobile Launcher, some Pad 39A systems are being reused. In addition, various com-
mercial users have conveyed interest in Pad 39A for potential NASA, DoD and com-
mercial programs. One commercial user has officially requested “non-exclusive” ac-
cess in the early 2012 timeframe, and KSC plans to accommodate that request. The
commercial launch provider would then be responsible for the operations and main-
tenance of the systems required for its launch vehicles and any modifications to ac-
commodate those vehicles would be allowed. However, such modifications shall not
preclude shared or future use by other commercial or Government users. While con-
cepts are being studied, and other potential users not yet defined, the future con-
figuration of Pad 39A has not been finalized.

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. JOHN BOOZMAN TO
ROBERT D. CABANA

Question. Can you describe some of the ways you are partnering with industry
and the state and federal governments to identify uses for facilities at KSC that are
no longer needed in support of Shuttle operations?

Answer. We are working with several different state and local agencies to identify
uses for facilities at KSC no longer needed in support of Shuttle operations. These
entities include Space Florida, Economic Development Commission of the Space
Coast, Brevard Workforce, Florida Department of Transportation, and Florida De-
partment of Economic Opportunity. We are in contact with many companies that
would like to utilize some form of the underutilized facility capacity currently avail-
able at KSC. These companies also include all of the prospective commercial crew
providers. Partnerships, when appropriate, are enacted through Space Act Agree-
ments. One of the most significant examples of these partnerships is the agreement
KSC and Space Florida signed to repurpose the Orbiter Processing Facility 3, the
Space Shuttle Main Engine Processing Facility and the Processing Control Center
for a commercial space customer, the Boeing Corporation, for use in the manufac-
ture and operation of their proposed CST-100 Crew Capsule.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. MARCO RUBIO TO
ROBERT D. CABANA

Question 1. Based on current plans, we know that the first SLS test flight is
scheduled for 2017, and KSC will have to increase its workforce as we get closer
to that launch. Then after that 2017 test flight, the first scheduled mission is set
4 years later in 2021. I am concerned about the time in between flights and poten-
tial effects on the KSC workforce. Will KSC maintain its workforce levels during
that ga};? How will KSC utilize the workforce between the test flight and the first
mission?

Answer. The majority of the KSC contractor workforce associated with spaceflight
hardware processing during the 2013—2021 time-frame will be under the new Test
and Operations Support Contract (TOSC). This contract is being structured to pro-
vide processing support to all NASA programs (SLS, MPCV, 21CGS, ISS) per-
forming spaceflight hardware processing at the Kennedy Space Center. Additionally
the TOSC is structured to provide flight hardware ground processing, test, integra-
tion and launch operations support to other government agencies and commercial
customers resident performing work at KSC. It is anticipated that during the 2017
to 2021 timeframe, the TOSC workforce will be supporting multiple NASA, other
government agency and commercial entities simultaneously. We are already seeing
this scenario emerge with the recent announcement of Space Florida bringing the
Boeing Company into Orbiter Processing Facility 3. We are in discussions with mul-
tiple other commercial entities to bring their work to KSC and are also in discus-
sions with several DOD entities to bring their programs to KSC. Our initial discus-
sions have identified a growing customer base which will need varying levels of sup-
port from supplying simple commodities to full flight hardware processing, test, in-
tegration and launch support. Having a broad, multi-customer base performing
spaceflight test, processing and operations at KSC will allow the TOSC workforce
to be flexibly applied across numerous activities without the need to have a large
swing in workforce levels.

The Ground Systems Development and Operations (GSDO) Program has planned
a minimal staffing approach that cross-utilizes skills to minimize perturbations be-
tween the first test flight and follow-on mission processing flows. The period be-
tween the test flight and first operational flight will be focused on the incorporation
of lessons learned from the test flight while developing the necessary ground sys-
tems and operational capabilities for the first operational flight.
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Question 2. We have seen reports in Florida about commercial space entities look-
ing at sites outside of Florida for launch pads. I think this is somewhat understand-
able given the different entities that launch from Cape Canaveral and the collabora-
tion that goes into the launch schedule. Plus, commercial companies are going to
make decisions based on different criteria than NASA, and they are focused on con-
trolling their schedules for their commercial customers. Are you concerned that the
factors that go into launching from the Cape could cause commercial entities to look
elsewhere where they can have more control over their launch schedules?

Answer. Commercial space providers have many factors that are considered before
deciding on the best payload processing and launch site, and each site has unique
core capabilities. KSC sees other sites as more of a partnership that can be lever-
aged to ensure the U.S. has a viable space industry. We believe the Cape has unique
capabilities from a 50-year history of launching every American vehicle that carried
a crew into space, but we recognize the similarities and differences between the past
and the future. KSC has been supporting commercial space activities with our
Launch Services Program, using commercial ELV’s (Expendable Launch Vehicles) to
launch science payloads, and with our Commercial Crew Program, facilitating the
development of a U.S. crew space transportation capability. NASA/KSC and the U.S.
Air Force (45th Space Wing and Air Force Space Command) are working together
to enable the commercial space industry at the Cape by jointly performing a Future
State Definition Study. The study will take into consideration NASA and Air Force
architectural capabilities, concepts of operations, and enabling policies to increase
capabilities, reduce serialization and provide more control over costs. The results
will include a prioritized list of investments leading to a more cost effective and cus-
tomer-focused environment. KSC’s goal is to ensure that we meet the partners’ re-
quirements for schedule, cost and reliability.

Question 2a. Is there any scenario in which KSC is looking to operate in more
of a commercial fashion to meet the launch needs of the industry?

Answer. For every future scenario, KSC believes we must develop more commer-
cially-compatible processes that will be necessary to transform KSC from a
government- and program-focused, single-user launch complex to a more capability-
centric and cost-effective multi-use spaceport, enabling both government and com-
mercial space providers. NASA and the commercial space customers will work to-
gether to develop mutually beneficial agreements that allow for NASA to leverage
expertise or to maximize the autonomy of the commercial operation (with minimal
oversight) based on the varying needs of the commercial space customers. Stream-
lined processes will be critical. GSDO, via the 21st Century Space Launch Complex
initiative, has already begun implementing necessary infrastructure upgrades for
the multi-use launch complex to support both government and commercial space
needs. As these users’ needs mature, GSDO continues to refine the ground architec-
ture approach and investment strategy for applicability. In parallel, KSC has also
already begun transforming our processes for easy access and use of facilities, equip-
ment, and services that maximize flexibility and multi-use concepts.

Question 2b. 1 know the agencies work together on this, but how can NASA, the
Air Force, and the FAA better collaborate to take advantage of the workforce and
assets at the Cape to best meet the launch needs of the Nation and retain the skill
set and intellectual capital that currently exists on the Space Coast?

Answer. As with any collaboration between different agencies with differing mis-
sions that overlap, the potential for improvement exists. NASA, DoD, and the FAA
have coordinated well for many years due to the nature of our business. FAA licens-
ing requirements for commercial space activities have fostered close working rela-
tionships between FAA, NASA, and the U.S. Air Force (45th Space Wing and Air
Force Space Command). Creation of the FAA Technical Center at KSC is one way
NASA and the FAA are partnering to try and retain the critical skills for future
programs and missions. In working to improve the range, NASA/KSC and the U.S.
Air Force (45th Space Wing and Air Force Space Command) are jointly performing
a Future State Definition Study to determine a prioritized investment list. NASA
is also collaborating with the FAA and they are integrated into the working teams
and support the overall management reviews.

Question 2c¢. First, I want to commend you on your efforts to diversify the mission
and capabilities of KSC. Moving forward we know that KSC will play a greater role
in technology development for future spaceflight, and some of the workforce that fell
under certain programs, like the Shuttle or Constellation, will now be funded under
these technology programs. What do you anticipate being KSC’s role in technology
development for future spaceflight?

Answer. Technology development roles for future spaceflight anticipated for KSC
include autonomous control systems, cryogenic and hypergolic fluid storage and
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transfer systems, specialized sensor development, specialty materials development
(including self-healing corrosion control coatings and self-healing wire insulation),
communications, navigation and weather technologies, and novel environmental re-
mediation technologies. KSC is also establishing a pipeline to research, develop and
demonstrate hardware and software technologies and capabilities which minimize
launch delays/scrubs by avoiding subsystem failures or by detecting, isolating and
recovering from subsystem failures faster than possible with current methods and
reduce ground operations and maintenance costs through process automation and
systems autonomy.

KSC currently leads the Agency-wide work for In-Situ Resource Utilization
(ISRU), where capabilities being developed will enable affordable and sustained
human presence throughout the solar system by allowing the in situ manufacturing
of propellants and consumables—a “living off the surface” approach that greatly de-
creases the mass that has to be launched into space. A current project led by KSC
is the development of an ISRU payload that could be delivered to the moon to dem-
onstrate the feasibility and viability of ISRU. KSC also has recognized expertise in
granular mechanics and regolith operations involving working with the surface ma-
terials of other destinations—excavation, conveyance (in and out of chemical proc-
essors), manufacturing and construction with regolith, site preparation, landing pad
construction, prediction of rocket exhaust blast effects, etc. We have developed and
performed next generation life support technologies, such as air and water recovery,
wastewater recycling, and closed loop life support capabilities. KSC is a partner in
in-space cryogenics storage and transfer technology development leveraging our
unique skills and experience in cryogenic propellants. We partnered in the Robotic
Satellite Servicing project as well and are responsible for the design and develop-
ment of the propellant transfer modules and hose management flight systems, in-
cluding maturing the technology readiness levels of the flow metering and pump
motor control technologies for this project.

KSC will continue to seek opportunities that align with the Agency’s research and
technology priorities, and ensure our talented workforce is prepared for success.
KSC will also continue to partner with other NASA centers, other government agen-
cies, industry and academia in this technology development work.

Question 2d. What can my office do, and what can Congress do, to help KSC meet
its technology development goals?

Answer. KSC has great expertise in research and technology. The largest empha-
sis areas of these multiple disciplines of technology development are in support of:
(a) launch vehicles and ground systems (for government and commercial operators)
and (b) surface systems technologies needed for surfaces other than earth. Due to
the long, successful history of space vehicle launches, KSC is well-known for its
processing and launch capabilities. In addition, KSC has unique capabilities in the
research and technology development arena. KSC has the capability to perform low
technology readiness level (TRL) research that can then be inserted in all types of
systems on earth, other surfaces, and in space. External partners from other govern-
ment agencies, industry, and academia have found KSC’s technology development
expertise significant in development of technologies important to many applications
of societal benefit and to NASA’s missions. Your help would be greatly appreciated
in supporting NASA’s budget request, including the request for $699 million in
Space Technology to continue the agency’s important technology programs.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. KAY BAILEY HUTCHISON TO
MicHAEL L. CoATS

Question 1. In May the administration announced its decision to proceed with the
Orion contract and in September it announced its plans and architecture for SLS.
Since the announcement of decisions to proceed with Orion and the SLS, what has
your Center been able to do that it previously was unable to accomplish?

Answer. The May announcement allowed the Orion-MPCV Program to proceed
with its reorganization plans and initiate detailed planning of the Orion incremental
development plan while executing the component and systems development already
underway. The September announcement enabled Orion to formalize agreements
with the Space Launch System (SLS) Program Office and with Headquarters/Explo-
ration System Division for conducting the program-to-program integration and co-
ordinating our activities. The SLS announcement enabled the planning to proceed
for the first orbital flight test of Orion-MPCV in 2014 which was authorized in No-
vember by NASA Headquarters.

These announcements also helped alleviate uncertainties about these two central
development programs, which all offices have used to solidify plans for the future.
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For example, the Mission Operations Directorate was able to clarify its role in the
2014 flight test.

Question 2. With regard to the announcement of the decision on the Space Launch
System, has your employee and contractor workforce become more stable subse-
quent to that announcement? Are you expecting any more layoffs or major adjust-
ments in workforce?

Answer. The announcement of the Space Launch System, along with support of
Orion (MPCV), the International Space Station and other development programs
has had a positive effect on workforce morale. With the necessary contractor layoffs
already completed, JSC predicts additional layoffs will be minimal. NASA continues
to work with elected officials, community leaders and the contractor community to
transition employees who were laid-off to new positions inside and outside of NASA.

Question 3. You each represent Centers with historically major responsibilities for
human space flight programs. Obviously, there are many capabilities and consider-
able expertise at NASA Centers throughout the country. Would you please describe
the specific steps you are taking to maximize the NASA “Talent Pool”, wherever it
is physically located, to not only help you fulfill your primary Center Roles, but con-
tribute to the improved efficiency and effectiveness of NASA as a whole?

Answer. JSC has been working diligently to preserve the critical workforce skills
and capabilities needed to support current and future programs. There are several
specific measures that JSC is taking:

e JSC continues to prioritize investment in our student pipeline programs, includ-
ing our Cooperative Education Program. These programs support NASA’s goals
of promoting Science, Technology, Engineering, and Math (STEM) education as
well as developing the skill needs that directly feed our critical hiring pipeline.

e JSC continues to invest in development programs that prepare our workforce
for future challenges. Many of our key leaders for the Space Shuttle Program
have vast expertise in managing a large-scale program in the operations phase.
At the same time they need skills in the development-phase of project manage-
ment and we are working on placement and individual development opportuni-
ties that will develop those skills. JSC is also using the Program/Project Man-
agement Development Program—which involves participants from across
NASA—to build competencies in leadership and program-level project manage-
ment. The Project Leadership and Space Systems Engineering Development
Programs are also designed to build capabilities NASA needs for the future.

e JSC has actively been seeking beneficial partnerships to utilize its capabilities
and facilities at the center to help offset costs and maintain critical infrastruc-
ture. Most recently, Petrofac Training Services signed an agreement that allows
them to do deep-water safety training at JSC’s one-of-a-kind Neutral Buoyancy
Laboratory.

e JSC has been partnering with industry to offset development costs and collabo-
rate with major U.S. companies. JSC worked with General Motors on the devel-
opment of the Robonaut 2—a humanoid robot now onboard the International
Space Station.

The International Space Station Program, Orion Program, and Advanced Explo-
ration Systems projects have helped ensure that critical engineering and scientific
skills can be capitalized and used to benefit the next phase of NASA’s exploration
mission.

Mission Operations support is critical to the success of any future spacecraft’s
entry into service, and the work required to fly them successfully is critical to pre-
serving the national asset that is NASA’ Mission Control and Mission Operations
Directorate.

JSC has been working internally and with the contractor community to identify
critical skills and ensure that JSC can continue to lead in those areas.

Question 4. The Orion program is described as streamlining its government in-
sight and oversight activities with a goal of a 70 percent reduction in NASA over-
sight. Can you please describe how that is intended to work and if you have any
concerns with this innovative approach?

Answer. The Orion Program has taken steps and made a pointed effort to better
define the traditional government role as oversight, management integration and
inline work. Oversight is effectively “checking and independently verifying” contrac-
tors are performing the work defined as stated in contract requirements. Manage-
ment Integration is the support to the program manager regarding strategic deci-
sions including budgets, schedules, planning, reporting, stakeholder communica-
tions, contracts, etc. Inline work consists of direct NASA contributions to the devel-
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opment of the spacecraft performed in-house, utilizing our unique expertise/facili-
ties, rather than performing the work exclusively within the prime contractor work-
force.

The total dedicated oversight reduction is closer to 60 percent and consists of civil
servant and support contractor work force. This number is based on the civil service
and other contractor support categorized as dedicated oversight/insight, inline and
program management integration.

When Orion reduced oversight, it also reduced management integration to core
levels of support, roughly a 50—60 percent reduction. Orion also took advantage of
NASA’s unique expertise by redirecting the civil service workforce to perform inline
work and in doing so, realized direct and indirect benefits. This newly redirected
work increases the value of the government’s performance and leverages the unique
skills and infrastructure of the NASA team. NASA further benefits by acquiring a
deep level of insight into critical areas by being directly involved in the contractor
teams while performing these inline assignments.

Question 5. Can you please provide an overview of Orion/ highlights and accom-
plishments to date?

Answer. NASA has announced plans for the first Exploration Flight Test (EFT—
1) of the Orion spacecraft in early 2014, which will support the new Space Launch
System that will take astronauts further into space than ever before.

This test will acquire critical re-entry flight performance data and demonstrate
early integration capabilities that benefit the Orion, Space Launch System, and 21st
Century Ground Systems programs.

The first Orion-like docking system test was conducted on STS-134 as part of the
Sensor Test for Orion Relative Navigation Risk Mitigation (STORRM). The orbital
rendezvous verified the successful operation of the Orion’s next generation docking
sensor, a critical technology needed for future space exploration missions.

The Orion team has already completed critical subsystem tests and production
milestones to meet these flight test objectives, such as completion of the first Orion
crew module, pad abort flight test and other subsystem tests, preliminary design re-
view, software design, ground test vehicle tests, water drop tests and facility renova-
tions at Kennedy Space Center. The program also successfully completed the initial
phase of the formal safety review process.

The Orion team completed a series of structural, acoustic and vibration tests at
Lockheed Martin’s Reverberant Acoustic Laboratory in Denver as they progress to-
ward Orion’s orbital flight test. After testing is completed, this vehicle will be sent
to Langley Research Center in Virginia for a series of landing tests at the new
Hydro Impact Basin, which will be used to validate and certify all human-rated
spacecraft for NASA.

The Orion team at Michoud Assembly Facility in New Orleans began fabrication
of the Orion spacecraft slated for the EFT-1 orbital flight test. After completion of
weld operations at Michoud, the spacecraft will be sent to Kennedy Space Center’s
Operations & Checkout Facility for continued processing through final assembly and
testing.

At the Lockheed Martin Exploration Development Lab in Houston, the Orion
Hardware/Software Integration team completed its first successful integration test
that demonstrated Orion’s avionics hardware and flight software can perform a
high-speed orbital entry from a deep space mission. These tests are critical during
the early spacecraft development cycle to ensure the avionics and software is com-
patible before the flight test vehicle is completed.

The Orion program has conducted a vigorous parachute air and ground test pro-
gram and provided the chutes for NASA’s successful pad abort test in 2010. The les-
sons learned from this experience have improved Orion’s parachute system.

Question 6. What does the proposed Orion test in 2014 mean for the workforce
at JSC? Does this represent part of a larger body of initial work that will need to
be done for mission control and management of this mission and other missions be-
yond low-Earth Orbit?

Answer. The flight test specifically addresses the mitigation of 10 of the top 16
risks to the crew and mission including the parachutes, the thermal protection sys-
tem, separation of the forward bay cover, the onboard avionics and software and the
various flight systems. The flight test also allows early integration of hardware,
processing and operations experience with the new exploration systems. The ground
operations team at the Kennedy Space Center and the mission operations team at
Johnson Space Center will both be involved in the test.

Orion’s EFT-1 allows the teams to focus on real-world flight test objectives that
are derived to mitigate risks while moving forward on core systems development.
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Doing so provides the opportunity to sustain critical ground and flight operational
skills and validate ground hazard analysis and very specific hazard controls.

The EFT-1 will be a pathfinder for pre-launch, launch, range safety, recovery and
de-servicing/refurbishment processes for the integrated exploration team. It also will
demonstrate integrated vehicle performance for ascent, on-orbit, and high-energy
entry from deep space. The test will allow the opportunity for all elements of
NASA’s exploration program to be tested together, exercising flight regimes, mission
and recovery operations that have not been seen by a spacecraft designed for human
flight in almost 40 years.

Question 7. Mr. Coats, your Center is home of Mission Operations Directorate and
Shuttle Mission Control. The high caliber of these teams is well known. What have
you been able to do to preserve some of these specialized skills and experienced indi-
viduals in the absence, now, of active space shuttle operations? Are there any sup-
port roles for the space station that would be available to preserve some of these
unique capabilities?

Answer. JSC has a world class Mission Operations Directorate (MOD) that is con-
trolling and operating the ISS 24/7. With the retirement of the Shuttle, new oppor-
tunities have been pursued to preserve the critical skills of that team: the develop-
ment of Mission Operations strategy for the Orion Program operations and collabo-
ration with the commercial partners about our interaction with them during NASA
commercial flights.

In preparing for the transition, MOD ensured that experience in all technical
areas, particularly those that are launch and entry related, are retained in the MOD
work force. In some areas MOD may be down to few individuals, but it still main-
tains the full range of technical expertise in the division.

JSC has archived the MOD launch and entry experience through a detailed series
of video-documentaries that include simulation runs in mission control and the sim-
ulators and interviews with MOD leaders and Shuttle veterans. The remaining
Shuttle-experienced personnel have been redeployed to ISS operations support,
Orion and SLS development, commercial crew development and direct support to
JSC Engineering. In parallel, MOD has aggressively pursued roles with next gen-
eration NASA or commercial spacecraft to leverage the expertise, experience and op-
erations culture unique to MOD.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. KAY BAILEY HUTCHISON TO
ROBERT M. LIGHTFOOT

Question 1. In May the administration announced its decision to proceed with the
Orion contract and in September it announced its plans and architecture for SLS.
Since the announcement of decisions to proceed with Orion and the SLS, what has
your Center been able to do that it previously was unable to accomplish?

Answer. The NASA Authorization Act of 2010, released in October 2010, neces-
sitated immediate planning to meet an ambitious schedule. Significant progress was
made in the first half of calendar year 2011 to position the agency to achieve this
goal including a Requirements Analysis Cycle and Mission Concept Review that
yielded an informed architecture decision. The formal approval of the architecture
enabled an initial system design to which credible development schedules and budg-
et requests are anchored, and the execution of acquisition plans to implement con-
tracts to procure the various elements of the SLS system and retain key Shuttle as-
sets applicable to the SLS design selected otherwise contracted for excess or archive.
Also since the announcement, the Program has been given the necessary authori-
ties, including a Key Decision Point (KDP-A) memo and Formulation Authorization
Document authorizing the program to proceed from pre-formulation into formulation
that will enable the Agency to meet the programmatic and technical requirements
necessary to achieve major review milestones leading to the next KDP, graduating
the program from formulation to implementation.

Question 2. With regard to the announcement of the decision on the Space Launch
System, has your employee and contractor workforce become more stable subse-
quent to that announcement? Are you expecting any more layoffs or major adjust-
ments in work force?

Answer. Given the announcements of the Space Launch System (SLS) and the
passage of NASA’s 2012 appropriation, the employee and contractor staffing levels
have become more stable. MSFC will continue to balance supply with program/
project demand to ensure that capabilities are affordable and align with long-term
strategic goals of the Agency. In doing so, we do not anticipate any major adjust-
ments to current workforce staffing levels.



73

Question 3. You each represent Centers with historically major responsibilities for
human space flight programs. Obviously, there are many capabilities and consider-
able expertise at NASA Centers throughout the country. Would you please describe
the specific steps you are taking to maximize the NASA “Talent Pool”, wherever it
is physically located, to not only help you fulfill your primary Center Roles, but con-
tribute to the improved efficiency and effectiveness of NASA as a whole?

Answer. MSFC has proactively maximized the use of the Agency’s talent pool by
meeting with multiple Centers to discuss how best to partner on current and future
programs/projects. Some specific capabilities-driven areas of collaboration include
space environments, fluids, structures and propulsion testing, composites, cryofluids
and acoustics. Additionally, in November, the Directors from Glenn Research Cen-
ter, Langley Research Center, Marshall Space Flight Center, Stennis Space Center,
Dryden Flight Research Center, Kennedy Space Center and Johnson Space Center
hosted joint all-hands forums at each Center location which allowed employees to
understand activities underway at other Centers and to promote collaboration be-
tween Centers to improve the efficiency and effectiveness of NASA.

Recently, the National Institute for Rocket Propulsion Systems (NIRPS) was cre-
ated to stimulate collaboration and partnerships between NASA, the Federal Avia-
tion Administration, the Department of Defense, industry, and academia. Its estab-
lishment provides stewardship of our Nation’s propulsion capabilities while recog-
nizing their vital role in national security, economic competitiveness and the contin-
ued exploration of space. The NIRPS will address key challenges facing the rocket
propulsion industrial base such as:

e Reducing development and sustainment costs for missile and rocket systems
e Supporting the competitiveness and resilience of the industrial base

o Fostering access to facilities and expertise across government, industry and aca-
demia

e Developing and implementing an integrated science and technology plan for
propulsion systems

e Invigorating the Science, Technology, Engineering and Mathematics (STEM)
pipeline

e Collaborating across agencies for missile and rocket propulsion system develop-
ment

Question 4. In Mr. Bolden’s testimony he states that the SLS Program has
streamlined its interfaces, workflow, and decision-making process. As head of the
leading Center for SLS development, can you give examples of how the Program is
going to be more streamlined and more efficient?

Answer. Across the SLS Program, there is an unprecedented focus on afford-
ability. Due to the fiscally constrained budget environment, it is imperative that
SLS define and implement an affordability strategy that challenges the culture to
become more cost conscious in every single activity at each organizational level.

One area in particular that is part of the affordability strategy is government in-
sight and oversight of contracted activities. SLS management has set forth a delib-
erate strategy for implementing the appropriate level of risk-informed insight and
oversight levels. According to this strategy, insight levels will be based on risk as-
sessments of known historic failures in the aerospace industry, past performance of
industry partners, as well as inherent complexity and design challenges. Oversight
will be discrete based around major milestones and events rather than near-contin-
uous coverage. This approach will limit government involvement to provide cost sav-
ings within the government workforce as well as savings on the contractor side due
to fewer interactions.

Another area is that of reduced documentation and applied standards. NASA and
the SLS Program have reduced the number of Data Requirements levied on the con-
tractor, which translates to contract cost savings. Additionally, rather than levying
NASA-unique standards, industry standards are being used to the maximum extent
practicable.

A third area of affordability measures is that of robust designs and margins. To
continue to drive down costs, all development and operational decisions will consider
affordability with associated technical implications. All options, including ques-
tioning unaffordable requirements, will be pursued. This will create opportunities to
exchange excess performance for cost savings thereby improving affordability. An
example of this is the utilization of heavier materials, which may decrease perform-
ance capability but provide cost savings. Maintaining margins in technical capa-
bility rather than chasing high performance capability as in the past will be an en-
abler to this strategy.
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Question 5. How is the Program minimizing requirements and dealing with the
age-old problem of “requirements creep”?

Answer. The imperatives of affordability and sustainability have been basic ele-
ments underlying all planning for a new era of efficient and effective space explo-
ration. The Agency’s Human Exploration and Operations Mission Directorate
(HEOMD) has embraced requirements control as a fundamental tool in meeting this
challenge. As a result, a concerted effort to levy only the most necessary require-
ments on the SLS Program has yielded a greatly reduced number of “top-tier” or
HEOMD requirements. The Mission Directorate is thereby delegating responsibility
to the programs to meet a set of fewer prescriptions while still meeting the goals
and objectives. Likewise, the SLS Program has made a similar concerted effort to
reduce “second-tier” requirements. In fact, this second tier set of requirements lev-
ied by the SLS Program has been reduced by an order of magnitude when compared
to similar large-scale programs/projects. Additionally, system requirements and as-
sociated verification will be defined early and changes minimized, technical content
will be prioritized to clearly delineate needs from wants, and specifications, stand-
ards, and procedural directives will only be imposed on contractors where a clearly
defined need exists.

Question 6. Can you describe what aspects of the SLS development will be com-
petitively bid, and what sort of timeline those competitive processes will occur?

Answer. The Draft NASA Research Announcement (NRA) for the Advanced Boost-
er Engineering Demonstration and Risk Reduction effort was released on December
12, 2011. The SLS Program conducted an Industry Day with prospective offerors on
December 15, 2011. The final solicitations will be issued in the first quarter of cal-
endar year 2012; proposals are expected in the second quarter of calendar year
2012; and awards made later in calendar year 2012 with performance starting in
October 2012.

Advanced Development activities will be focused on evolving the vehicle to the 130
metric ton capability with an emphasis on affordability, safety and reliability. Spe-
cifically, Advanced Development will focus on the areas of concept development, ad-
vanced development in propulsion, structures, materials and manufacturing, and
avionics & software. This will result in multiple awards also in October 2012 after
a solicitation release in the first quarter of calendar year 2012. These procurements
will be open to both industry and academia.

Acquisition strategies for other elements, such as future core stage engine, and
spacecraft and payload adapter and fairing, will be developed over the next several
years consistent with the budget profile and anticipated need dates for the actual
components.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. JOHN BOOZMAN TO
ROBERT M. LIGHTFOOT

Question 1. 1 understand your greatest focus at Marshall Space Flight Center is
on vehicle development. But you also have a space station payload operations center
there, as I understand it. Can you describe that activity, and how it integrates with
over-all station operations—and how it might be impacted by increased commercial
use of the space station within the National Laboratory activity?

Answer. Marshall Space Flight Center’s (MSFC) Payload Operations Center
(POC) has coordinated scientific research carried out aboard the International Space
Station (ISS) since 2001. This activity includes supporting operations around the
clock, 7 days a week; integrating research requirements; planning and safely exe-
cuting science missions; managing the use of ISS payload resources; conducting
science communications with the Station crew; and managing payload commanding
and data and video transmissions to and from ISS. The POC teams also train Sta-
tion crewmembers and ground controllers to operate and maintain U.S. science ex-
periments aboard the Station. The POC acts as a Backup Control Center for Mission
Control Center—Houston (MCC-H) in the event of a catastrophic event. While this
is primarily a hurricane season (June to November) contingency, the POC can be
activated in the event of the unanticipated and immediate loss of capability at
MCC-H. In this mode, the POC would be able to handle U.S. Lab operations and
provide limited support to the International Partners.

The POC provides a critical interface to NASA’s International Partners and the
research community utilizing the U.S., Japanese, and European science labs. In this
role, the POC synchronizes payload activities among the Partners, and provides
data and video transmissions to the Partners’ sites. As the National Lab community
grows and becomes an integral part of the research conducted aboard Station, the
POC team will perform these integration functions to ensure that the commercial
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research community can successfully train, plan, and execute their science inves-
tigations. In the future, the MSFC POC will have increased capabilities, and will
apply its experience to the next generation of U.S. human space systems. The POC
has been approved to support around-the-clock ISS payload operations through
2020, including the accommodation of increased science throughput and payload op-
erations associated with the advent of six-person crews in 2009. Since 2009, the
POC has incorporated full backup command and telemetry capabilities for the Inter-
national Partners into the Backup Control Center architecture. In 2012, the Station
will complete an upgrade to the avionics systems which will increase bandwidth and
communications capabilities, enabling the POC to realize increased communications
efficiencies.

Question 2. 1 have posed this same question to Administrator Bolden, but I would
like your response to it, including any additional details or points that may not have
been included in the Administrator’s response. Regarding the competition for the ad-
vanced booster, what is the planned timeline, from start to finish? How firm are
these timelines? In addition, how will NASA ensure that the competition for the ad-
vanced booster project will be executed in fair manner? Could you give details re-
garding these steps?

Answer. The Draft NASA Research Announcement (NRA) for the Advanced Boost-
er Engineering Demonstration and Risk Reduction phase was released on December
12, 2011, to improve the competitiveness of competing propulsion technologies and
business cases before work begins on the actual Design, Development, Test and
Evaluation (DDT&E) of the final booster configuration. The SLS Program conducted
an Industry Day with prospective offerors on December 15, 2011. The final solicita-
tions will be issued in the first quarter of calendar year 2012; proposals are expected
in the second quarter of calendar year 2012; and awards made later in calendar
year 2012 with performance starting in October 2012. These dates are firm.

The SLS Advanced Booster Engineering Demonstration and Risk Reduction acqui-
sition effort will increase affordability, performance, and reliability confidence of an
Advanced Booster concept which will enable SLS to evolve to a 130 metric ton lift
capability, and reduce risks for both liquid and solid Advanced Boosters concepts.
The notional SLS Advanced Booster will require a significant increase in thrust
from any known existing solid or liquid booster in the U.S. inventory. The DDT&E
effort will be solicited in the 2013-2014 timeframe, after results are received from
the risk reduction effort. SLS is targeting the first flight of the Advanced Booster
for the third SLS flight in the 2023 timeframe.

First, the SLS Program is engaging industry early in the acquisition process to
ensure requirements and the solicitation are written to maximize competition. Po-
tential offerors have been asked for their comments in a Request for Information
issued in October, then through the comment process on the draft NRA, and have
also been invited to sit one-on-one with the proposal evaluation team. Second, a de-
tailed technical library is being provided to maintain competitiveness across all po-
tential offerors. Finally, the evaluation criteria in the solicitation have been thor-
oughly reviewed within the Agency to ensure the best solicitation to yield competi-
tive proposals and an equitable evaluation.
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